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INTRODUCTION 
The bursa of Fabricius in avian species is generally 
considered to be a central lymphoid organ in which cells with 
the capacity for differentiation into antibody-forming elements 
are generated (Warner et , 1962). It has been well docu­
mented that bursa-derived lymphoid cells migrate to secondary 
lymphoid organs such as spleen and gut-associated lymphoid 
tissues (Linna et al., 1969; Durkin et al. , 1972)-.. The sequen­
tial, gradual appearance of immunoglobulin M-, immunoglobulin 
G- and immunoglobulin A- determinants on the surface of bursal 
lymphoid cells before and after hatching has been interpreted 
to represent a genetically determined, antigen-independent 
differentiation of immature precusor cells into immunoglobulin-
bearing lymphocytes (Kincade and Cooper, 1971 and Cooper et al., 
1972). Bursal function has been extended to include two types 
of stem cells: bursal and postbursal. Bursal stem cells are 
claimed to be unable to differentiate into plasma cell precusors 
without contact with bursal microenvironment but they can re­
store bursal morphology in cyclophosphamide-treated chickens 
and initiate germinal center formation in the spleen (Toivanen 
and Toivanen, 1973). These cells are found in the post-hatch­
ing bursa at least to the age of three weeks. Postbursal stem 
cells appear to be capable of further maturation into antibody-
producing elements without bursal contact and do not restore 
the bursal morphology of the cyclophosphamide-treated chickens. 
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Postbursal cells begin to appear in the bursa at the age of 
two weeks and are subsequently found also in the spleen, bone 
marrow and thymus. 
The bursa also functions as a peripheral lymphoid organ 
(Schaffner et al., 1974). Direct contact between lymphoid 
elements and material actively taken up from the cloacal lumen 
occurs regularly within bursal follicles. This process appears 
to be enhanced by the existence of a pumping mechanism since 
the bursa undergoes rhythmic contraction by sphincter muscles 
which contract in synchrony with respiration, and it possesses 
a wall of smooth muscles which causes peristalsis-like move­
ments (Sorvari et al., 1975). This bursal function has been 
widely used in vaccinating chickens for infectious laryngo-
tracheitis, the vent method. 
The development and morphology of the bursa of Fabricius 
in chickens have been extensively studied (Click, 1955 and 
Hodges, 1974). The same information for the turkey is not 
available. 
Colibacillosis is a term that has been applied to a group 
of diseases caused by infection with bacteria classified as 
Escherichia coli. Certain strains of E, coli have been 
isolated from infected chickens and turkeys with a variety of 
lesions such as enteritis, osteomyelitis, septicemia and air-
sacculitis. The E. coli-septicemic form, which is characterized 
in turkeys as acute fulminating disease that accompanies 
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diarrhea or is dominated by upper respiratory tract infections, 
is an increasing problem in the turkey industry (Saif et al., 
1970 and Moorhead and Saif*, 1970). The raising of turkeys in 
confinement rather than on range seems to be the principal 
management factor involved. 
Escherichia coli is widely distributed in nature. The 
microorganism is a common inhabitant of the intestinal tract 
of poultry and can be isolated from the litter and fecal 
matter of most poultry houses. Escherichia coli is isolated 
from the contents of the bursa of Fabricius of normal chickens 
and turkeys. 
This study was conducted with the three following 
objectives: (1) to describe the normal development and 
morphology of the bursa of Fabricius in the turkey, (2) to 
determine if the E. coli could pass through the bursal 
epithelium in view of the production of immunity, and (3) to 
compare the response of the bursa to virulent and avirulent 
E. coli. 
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LITERATURE REVIEW 
Hieronymus Fabricius (1537-1619) first described the avian 
bursa (Adelman, 1942). His reported studies on the embryology 
of the chick are the most extensive for that period. He demon­
strated that the bursa was a blind sac situated near the cloaca; 
and since his description of the bursa, it has been referred to 
as the bursa of Fabricius. Fabricius believed erroneously that 
the bursa was to be found only in the female where it acted as 
a storage place for the cock's semen. 
The histology of the bursa has been extensively studied in 
the chicken, and all references noted in this text will be to 
the chicken unless otherwise stated. Lillie's Development of 
the Chick (Hamilton, 1952), Bradley and Grahame (1960), Lucas 
and Stettenheim (1965), and Hodges (1974) are recent textbooks 
which include a discussion of the histology of the bursa. 
Calhoun (1954) and Click (1955) have reviewed the early liter­
ature pertaining to the bursa. Hodges (1974) has summarized 
the histology of the bursa as it is presently known. 
Normal Growth of the Bursa of Fabricius 
The bursa of Fabricius is a lymphoepithelial organ that is 
restricted to birds. It is a round to oval diverticulum that 
is located dorsal to the cloaca and opens through a bursal duct 
to the cloaca. The lumen of the organ is filled by about 
twelve plicae, long folds of the mucous membrane of the bursal 
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wall (Hodges,1974). The bursa was originally considered to 
develop from a proliferation of the endodermal epithelium of 
the dorsal caudal region of the embryonic cloaca at about five 
days of incubation (Romanoff, I960; Meyer et al., 1959). More 
recently it has been suggested that the bursa originates along 
the ventral caudal contact of the cloaca with the external ecto­
dermal epithelium, the resulting bursal epithelium may be endo­
dermal , ectodermal or a combination of the two (Ruth et , 
1964). By the tenth day of incubation, the bursa has developed 
a lumen, as the bursal vesicle, and the plicae have begun to 
form (Jolly, 1915). The lumen is lined with a layer of cuboidal 
to columnar cells about three cells thick. By the twelfth day 
of incubation the primitive undifferentiated epithelial cells 
lining the lumen give rise to foci of epithelial proliferation. 
At these foci, epithelial buds, the analogue of the bursal 
follicles, are formed by a process of hypertrophy and hyper­
plasia. As the buds enlarge, they tend to bulge into the under­
lying tunica propria and there is a distinct separation of the 
bud cells from the underlying mesenchymal cells of the tunica 
(Ackerman and Knouff, 1959). At the same time, capillary loops 
develop to form a capillary network outside the basement mem­
brane of the developing bud. As the epithelial bud enlarges, 
the cellular constituents in the nodule undergo a series of 
changes. A row of undifferentiated epithelial cells occurs 
along the basement membrane and these are continuous with the 
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cells of the surface epithelium. Invested within the row of 
undifferentiated epithelial cells are lymphoid cells or their 
precursors. These cells arise from the migration of haemo-
poietic cells of the yolk sac to the bursa (Hemming s son and Gunnar 
1973 and Toivanen et al., 1972). Lymphoblastic transformation 
begins when the nodule reaches about sixty micrometers in diam­
eter and is quite active by the fourteenth or fifteenth day of 
incubation. The lymphoblasts proliferate and give rise to a 
developmental series of lymphocytes (Ackerman and Knouff, 
1964). The lymphoblasts and sequential lymphocytes within the 
limits of the basement membrane become the medulla of the 
bursal follicle. 
During the formation of the lymphoblasts, undifferentiated 
epithelial cells lying more centrally in the follicle appear to 
give rise to stellate cells having the appearance of reticular 
cells. These stellate or reticular epithelial cells form a del­
icate supporting network within the medulla; their cytoplasmic 
processes being joined by desmosomes (Ackerman and Knouff, 1964). 
At the same time as the epithelial buds are developing into 
the medullary portions of bursal follicles, the surrounding 
tunica propria is becoming organized to form the cortex of the 
follicle. With enlargement of the buds, the subjacent mesen­
chymal cells are pushed further into the tunica causing a 
crowding of these cells and producing a relatively compact 
cortical zone (Ackerman and Knouff, 1959). At the fifteenth 
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day of incubation, a number of undifferentiated epithelial 
cells located in the medulla may pass through the basement mem­
brane into the cortex. From these arise a network of primitive 
reticular cells and numbers of lymphoblasts, and the cortex 
becomes a lymphocytopoietic area. 
At hatching, the bursa is well-developed and is growing 
rapidly. Yamada (1966) reported the chicken bursa weighs about 
0.04 grams at hatching. The chicken bursal growth is rapid 
until the fourth week, the weight increasing much faster, in 
proportion, to that of the body (Click, 1960 and Wolfe et al., 
1962). At four weeks the bursa is about 0.42 percent of the 
body weight and from then on the rate of growth begins to 
decrease slowly until at ten weeks it is about 0.3 percent of 
the body weight (Wolfe et al., 1962), or 4.25 grams (Yamada, 
1966). After ten weeks, there is a decline in bursa weight as 
the organ begins to involute; by twenty-three weeks of age the 
bursa is reduced to a remnant (Wolfe et al., 1962). The actual 
age of initial bursal regression varies among chicken breeds and 
although it was originally thought to occur at about four months, 
recent figures give an age of approximately two to three months 
(Warner and Szenberg, 1964). 
Prior to the Wolfe et al. (1962) and Yamada (1966) studies, 
Hinshaw (1953), Bradley and Grahame (1960) , Kaupp (1933) , Schauder 
(1923), and Thomson (1923) stated that the bursa attains its maxi­
mum size at four months and then commences to involute. The 
evidence for this can be traced to Jolly's publications of 1913 
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and 1915. Jolly reported that the bursa attained its maximum 
size at four months and then regressed. Woodward (1931) has 
reported the weights of bursae at sixteen and twenty-three 
weeks of age which average 3.5 to 2.8 grams respectively. 
Taibel (1935 and 1941) states that the bursa is in "full 
evolution" at two months and scarcely begins to regress at 
four months. According to Click (1956), maximum bursa size 
was attained in the range of four and one-half to twelve weeks 
of age depending of the breed of chickens studied. This was 
an earlier age than previously reported. Bursa growth was 
more rapid than that of the body as a whole during the first 
three weeks after hatching. The bursa of males was generally 
larger than those of the females during the first four weeks 
after hatching. Bursa weight declined in the different breeds 
studied at four to thirteen weeks (Click, 1956). The bursa 
rate of growth in the turkey has not been described in the 
literature. 
The dimensions of the bursa have been reported in the 
literature. Davy (1866) measured the bursa of thirty different 
species of birds. He found the chicken bursa to range from 
the "size of a pea" at four days of age to 0.7 by 1.5 inches at 
eleven and seventeen weeks. From the data collected, Davy 
concluded that in Callinacae and Anatidae the bursa grows and 
then diminishes in size. In birds of "rapid growth" that fly 
readily, the bursa is large while the bird is young, but does 
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not increase as the birds grow. It diminishes in size sooner 
in these birds than in the common fowl. Ninety species of 
birds were investigated by Forbes (1877) who concluded that 
the bursa exists in both sexes and probably all birds, and 
develops in young and atrophies in old. Taibel (1935) men­
tions that in Ratitae the bursa apparently does not regress. 
According to Retterer (1885), the size at maximum development 
is 2.5 centimeters long by 2.0 centimeters wide by 1.5 centi­
meters thick. At four to five months of age, Schauder (1923) 
believed the bursa to be at its largest size of 2.0 to 3.0 
centimeters long and 1.5 centimeters wide and disappears 
between nine and eleven months. In 1934, Beach, Schalm, and 
Lubbehusen injected laryngotracheitis virus into the bursa. 
During their experimentation, they found the bursa absent in 
all birds in a flock of seven-month-old White Leghorn pullets, 
small or absent in 16 percent of the pullets at five months of 
age, and small or absent in one-fourth to one-third of all 
four-month-old males. 
Bursa measurements have been reported for the Ring Dove 
(Streptopelia risoria), Common Pigeon (Columba livia), and Ring-
necked Pheasant (Phasianus colchicus). Riddle (1928) calculat­
ing age of maximum size for the bursa to be three and two and 
one-half months for the Ring Dove and Common Pigeon respectively. 
The bursa attained its largest size in Ring-necked Pheasants 
between the ages of one hundred to one hundred and thirty days 
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according to Kirkpatrick (1944a). The largest depth measured 
by inserting a glass tube directly into the bursa was 22 milli­
meters. This method is described in detail by Kirkpatrick 
(1944b). 
A few investigators have studied the bursa of Fabricius in 
relation to the growth of the thymus, body, and gonads. Riddle 
(1928) showed in Columbidae that: (1) the bursa and thymus 
increase and involute together, (2) the bursa, unlike the 
thymus, involutes completely, (3) the bursa involutes when the 
gonads begin their rapid growth, (4) bursa involution occurs at 
a time when maximum body weight is almost attained, and (5) 
bursa involution is usually complete at the time of sexual 
maturity. In the Ring-necked Pheasant, Kirkpatrick (1944a) 
reported that the bursa and thymus involute before the gonads 
make their rapid increase in size. An increase in testes size 
also accompanied bursa involution in the domestic fowl (Jolly, 
1913, 1915, and Click, 1956). The latter worker also reported 
that correlation and regression coefficients between the weight 
of the bursa and body were highest prior to the period of 
bursa regression. Workers have reported weight reductions of 
the developing bursa of Fabricius after hormone treatment. 
Click (1957) reported a marked weight reduction of the bursa 
in four and eight-week-old chickens after cortisone acetate 
treatment. Huble (1958) reported similar bursal weight reduc­
tions after adrenocorticotrophic hormone treatment. When 
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three-day-old fertile chick eggs were dipped in testosterone 
propionate solution, the mean weight of the bursae was signif­
icantly reduced at hatching and two weeks of age (Click, 1961). 
Histology of the Bursa of Fabricius 
The bursa of Fabricius is lined with epithelium that 
covers the surface of a number of folds. These folds possess 
unique surface morphology consisting of well-defined patches 
of specialized tissue that cover the bursal follicles. 
Two types of follicles are distinguishable on the basis of 
surface morphology with scanning electron microscopy. One 
follicle is button-like; it lays in approximately the same 
plane as the surrounding interfollicular tissue but is set 
off from it by a crypt-like depression. A smooth uninterrupted 
epithelium covers the button-like follicle. The second type of 
follicle projects from the bursal surface. These follicles 
have a rough surface epithelium, lack crypts and have super­
ficial accumulations of cells. It may be noted that any one 
fold appears to have only one of the two types of follicles 
(Holbrook et al., 1974). 
The wall of the bursa of Fabricius is composed of the 
three following basic layers : 
1. Thin collagenous serosal layer. 
2. Muscularis which has been described as being formed 
either of a layer of circularly-arranged smooth muscle fibers 
(Jolly, 1915) or of an outer longitudinal layer and an inner 
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circular layer, or two longitudinal layers with an inter­
posed circular layer. It is difficult to define which 
muscle layer is oriented longitudinally and which circularly, 
but in the muscularis there are normally two muscle layers 
oriented obliquely or at right angles to each other. 
The main branches of the blood vessels supplying the 
organ lie between the muscle layers at the base of each of the 
folds and branches of the vessels pass up through the center of 
each fold accompanied at least part of the way by muscle fibers 
from the innermost muscle layer (Pintea et al., 1967). 
3. Mucosa - This comprises the greater portion of the 
thickness of the wall. It can be divided into three components : 
the connective tissue framework, the lymphoid follicles, and 
surface epithelium. The connective tissue consists basically 
of a network of collagen fibers with numerous reticulin fibers 
surrounding the lymphoid follicles (Mathis, 1938). Connective 
tissue is sparse except within the center of each of the folds. 
Few, if any, elastic fibers are found in the mucosa, except in 
association with the larger blood vessels. The mucosa is 
composed of about twelve thick, vertical folds and each fold 
consists mainly of large numbers of polyhedral lymphoid 
follicles closely packed together with small amounts of connec­
tive tissue separating the follicles. Each follicle can be 
divided into two parts, the cortex and the medulla (Fig. 1). 
Both the cortex and the medulla possess a supporting network of 
Figure 1. Diagram of a lymphoid follicle in relation to the 
surface epithelium of the bursa of Fabricius. The 
surface epithelium is of two types : the inter-
follicular epithelium and the follicular epithelium. 
The follicular epithelium covers the apex of the 
lymphoid follicle. The epithelium on each side 
of follicular epithelium is the interfollicular 
epithelium. 
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stellate reticuloepithelial cells whose meshes are filled with 
lymphoid cells; in the cortex, the network of cells is contin­
uous with the surrounding connective tissue. The cortex is 
composed to a great extent of small dense lymphocytes. Lympho-
blasts, many mitotic figures and macrophages containing phago-
cytized nuclear debris are also present (Thorbecke etal_., 1957), 
Small arterioles, venules or capillaries can occasionally be 
seen within the cortex, but the blood supply is not well 
developed, 
Separating the cortex from the medulla is a network of 
large capillaries immediately underlying a basement membrane. 
Adjacent to this basement membrane is the outermost layer of 
the medulla, composed of undifferentiated epithelial cells, 
which is continuous with the surface epithelium of the fold. 
The undifferentiated epithelial cells are low cuboidal with 
pale staining, round nuclei. The lymphoid cellular content 
of the medulla is composed of lymphoblasts, found in greater 
concentrations near the periphery, and medium and small lympho­
cytes. The fine structure of both cortical and medullary 
lymphocytes has been described by Clawson et al, (1967). They 
found that the lymphoid cells of both the cortex and medulla 
varied in size from four to eight micrometers and presented the 
same ultrastructural characteristics in each location. The 
smallest bursal lymphocytes had only a thin rim of cytoplasm 
which contained few of the usual cytoplasmic organelles. 
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The largest bursal lymphocytes had a substantial amount of 
cytoplasm which contained several mitochondria, a Golgi zone, 
a pair of centrioles and a small amount of rough endoplasmic 
reticulum. The nucleus had very little clumping of the chroma­
tin and a prominent nucleolus. The majority of lymphocytes 
were between these two extremes of size and morphology. The 
ultrastructural feature of the bursal lymphocytes which dis­
tinguished them from the thymic lymphocytes were the arrangement 
of polyribosomes. In the bursal lymphocytes, these structures 
were composed of numerous ribosome clusters or rosettes 
evenly distributed throughout the cytoplasm. In the thymic 
lymphocyte the ribosomes occurred mainly in single units and 
congregated only in specific areas of the cytoplasm. 
The medulla appears to be almost completely devoid of 
blood capillaries except at its periphery. Ackerman and Knouff 
(1959) state that capillaries are only rarely found in the 
medulla at any stage of bursal development. 
Thorbecke et al. (1957) could not identify plasma cells 
within the bursal follicles. Plasma cells were present in the 
connective tissue between the follicles and immediately beneath 
the epithelial lining of the bursa. 
The surface epithelium of the bursal folds is of two types, 
the interfollicular epithelium and the follicular epithelium. 
The interfollicular epithelium has pit-like depressions, 
irregularly shaped and unevenly distributed microvilli and 
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smooth membrane vesicles. The epithelium has simple, apical 
cell margins with tight junctions, intercellular spaces are 
not apparent, and all cells rest upon a distinct basal lamina 
(Holbrook et al., 1974). In the newly hatched chick there are 
three structurally different types of cells in this epithelium 
(Ackerman and Knouff, 1959). Type I is an oval cell with clear 
cytoplasm containing a number of saliva-resistant, periodic 
acid-Schiff positive and sudanophilic granules. The nucleus is 
round to oval in shape and may be irregular. These cells may 
occur at any level in the epithelium and are the most infrequent 
of the three cell types. Type II cells are the most numerous 
and appear as columnar cells with an oval nucleus possessing a 
single nucleolus. The nucleus is normally located below the 
midline of the cell. The cytoplasm is slightly basophilic and 
contains numerous small, irregular periodic acid-Schiff positive 
granules. Type III is a narrow globlet cell containing a hyper-
chromatic nucleus and periodic acid-Schiff positive secretory 
material (Ackerman and Knouff, 1959). 
The stratified follicular epithelium has polygonal cells 
that have sharply delineated borders and possess short, regu­
larly shaped and evenly distributed microvilli. The polygonal 
cells are separated by extensive intercellular spaces and the 
basal lamina is not in direct association with the superficial 
cells of the follicular epithelium (Holbrook e_t al., 1974) . 
The epithelial cell has pale staining cytoplasm. The 
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round to oval nucleus is situated above the mid-point of the 
cell and possess more than one small nucleolus (Ackerman and 
Knouff, 1959). 
Immunological Review of Bursa of Fabricius 
The first hematopoietic cells of the avian embryo are 
formed early in the yolk sac. These stem cells have large 
basophilic cytoplasmic areas that consist of masses of free 
ribosomes and are referred to as hemocytoblasts. Hemocyto­
blasts migrate from the yolk sac and seed two primary central 
lymphoid organs : the thymus and the bursa of Fabricius. Moore 
and Owen (1967) reported that the bursa of Fabricius was 
populated by the hemocytoblasts at thirteenth day of incubation. 
Differentiation of the hemocytoblasts into lymphoid cells 
occurs within the epithelial lining of the bursa and by the 
fourteenth day of incubation small clusters of these cells 
containing immunoglobulin M can be found (Kincade and Cooper, 
1971). This population of lymphocytes expands rapidly over the 
next few days by dividing on the average of about every eight 
hours (Rubin et , 1971) . After an interval sufficient for 
the first stem cells to have produced approximately twenty 
generations of immunoglobulin M cells, some of their progeny 
begin to make detectable amounts of immunoglobulin G (Kincade 
and Cooper, 1971 and Rubin et al., 1971). It is probable that 
a subsequent switch to immunoglobulin A production occurs later. 
The intraclonal switch from immunoglobulin M to immunoglobulin G 
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to immunoglobulin A occurs within the specific micro«environ­
ment of the bursa and does not seem to require foreign anti­
genic stimulation (Kincade and Cooper, 1973 and Cooper et al., 
1972). 
Lymphocytes that circulate in the blood of birds, even 
though they cannot be distinguished by light microscopy, are 
the progenitors of two distinct populations of cells. The 
first population arises early in embryonic life and depends 
upon the thymus for differentiation, T lymphocytes. These 
T lymphocytes are programmed only for interactions with antigens 
and for limited direct lymphocyte-antigen interaction, cellular 
immunity. The other population, the B lymphocytes, originate 
from the bursa of Fabricius. These lymphocytes have the 
capacity on entering the circulation to transform into antibody-
producing plasmacytes when exposed to antigens, humoral immunity 
(Greaves et al., 1973). 
T and B lymphocytes have been differentiated by scanning 
electron microscopy on the basis of cell size and surface 
configuration. The T lymphocytes make up the largest percent 
in the circulating blood, are slightly smaller in size, and 
have smooth cell surfaces. The B lymphocytes are larger and 
have complex villous cell surfaces (Polliack et al., 1973). 
The differentiation of T and B lymphocytes by transmission 
electron microscopy has been based on their cytoplasmic organ­
elles. T lymphocytes possess numerous free ribosomes, a few 
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mitochondria, a well-developed Golgi complex and relatively 
devoid of rough endoplasmic reticulum. The B lymphocytes have 
the same organelles as the T lymphocytes except more rough 
endoplasmic reticulum is present (Cheville, 1976). 
The bursa also functions as a peripheral lymphoid organ 
in response to antigens. Microbial antigens enter the bursal 
duct during nassage through the alimentary tract. These micro­
bial antigens may also gain entrance to the bursa via the anus, 
if they are picked up by the peristaltic movements of the 
anal lips. Within the lumen of the bursa, antigens first 
localize in the epithelial pad overlying the follicle and then 
penetrate the follicle to participate in the instruction of 
antibody-producing cells (Schaffner et al., 1974 and Sorvari 
et al., 1975). 
Identification of Escherichia coli 
Escherich (1885) described an organism which he isolated 
from feces and which now bears his name, Escherichia coli. The 
description of E. coli morphology, growth requirements, bio­
chemical properties, and antigenic structure is reviewed by 
0rskov (1974) , Gross (1972) and Bamum et al. (1967). The 
serotypes of E. coli are classified according to the Ewing et al. 
(1956) antigenic scheme. Serological identification is cur­
rently based on three kinds of antigens: 0 or somatic antigen, 
H or flagellar antigen and K-capsular or microcapsular antigens. 
The current classification lists one hundred and fifty 0 
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antigen, ninety K antigen and fifty H antigen serotypes (0rskov, 
1974). The most common serotypes isolated from poultry are 
01:K1(L), 02:K1(L) and 078:K80(B) (Gross, 1972). 
The ultrastructure of E. coli has been reported by 
several workers (Bertschinger et a^ ., 1972, Staley et al., 1969, 
Burdett and Murray, 1974). The cell wall of E, coli is composed 
of a peptidoglycan layer and an outer lipopolysaccharide layer. 
Surface structures found on the bacteria are flagellae, pili, 
and surface protein filaments. The cytoplasm of the bacterial 
cell contains large numbers of dense, closely packed ribosomes. 
Nuclear material, including deoxyribonucleic acid, is located 
in the central part of the cell but is not surrounded by a 
nuclear membrane. Nuclear regions are filled with small fibrils 
of two to five nanometers that represent deoxyribonucleic 
acid molecules. 
Escherichia coli Infection in Poultry 
The association of E. coli with certain avian pathological 
conditions has been recognized since the latter part of the 
last century. Klein (1889) reported on an infectious disease 
of grouse caused by an organism later identified as E. coli. 
Lignieres (1894) described a disease of fowls caused by E. coli 
and was able to demonstrate the pathogenicity of the organism 
for pigeons and fowls. The subsequent literature referring to 
E. coli infection in birds is reviewed by Siccardi (1966) and 
Gross (1972). 
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Many different manifestations of E. coli infection in 
poultry have been described. The organism has been commonly 
isolated from avian colisepticemia, enteritis, panophthalmitis, 
arthritis, yolk sac infection, egg peritonitis and salpingitis 
(Sojka and Camaghan, 1961). In turkeys, the common syndromes 
in which E. coli has been incriminated as the etiological 
agent are septicemia with or without diarrhea or septicemia 
dominated by upper respiratory tract infections (Saif et , 
1970 and Moorhead and Saif, 1970). 
Microflora in Alimentary Tract of Poultry 
The microflora of the avian alimentary tract has been 
studied by several workers (Levi and Briggs, 1956, Fuller, 1973, 
Naqi et al., 1970). Naqi et al. (1970) reported that the alimentary 
tract of apparently healthy turkey poults raised under conven­
tional conditions, is invaded by coliforms, staphlocci, Clostridia 
and other anaerobes shortly after hatching. The bacteria then 
multiply extensively, reaching very high numbers within twenty-
four to forty-eight hours of life. Lactobacilli and lactose 
nonfermenters, however, colonize the intestines relatively 
slowly and reach their maximum concentration seventy-two hours 
posthatching. Fuller (1973) reported that the bursa of Fabricius 
microflora from chickens is coliforms, streptococci and lacto-
bacilli. The coliform flora rapidly established itself in 
the bursa and was dominant over the streptococci and lacto-
bacilli. 
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MATERIALS AND METHODS 
Source and Preparation of Bacteria 
The virulent Escherichia coli used was strain 15 (sero­
type 078:K80:H9), originally isolated from the liver of an 
emaciated eleven-week-old turkey poult. The avirulent 
Escherichia coli, strain 123 (serotype 043:K-:H28). originated 
from the small intestine of a healthy pig. The two isolates 
were originally taken by a bacterial culture loop from their 
respective organ, plated on 5 percent sheep blood agar, and 
incubated overnight at 37°C. A smooth, isolated colony was 
picked from the blood agar, and grown overnight in Trypticase 
soy broth^  at 37° C for stock cultures. Stock cultures were 
maintained on Trypticase soy agar in sealed tubes, subcultured 
on 5 percent sheep blood agar, and grown overnight in Trypti­
case soy broth at 37° C. Prior to inoculation, serial ten­
fold dilutions were made with the eighteen hours old broth 
culture in 0.3 percent peptone water. Each dilution was plated 
on 5 percent sheep blood agar and incubated at 37° C for eight­
een hours. The number of bacterial colonies per blood agar 
plate were counted and confirmed by slide agglutination with 
homologous, OK antiserum prepared in rabbits by Dr. N. F. 
2 Cheville (Edwards and Ewing, 1972). This procedure provided 
B^ecton, Dickson and Company, Cockeysville, Maryland 21030. 
2 National Animal Disease Center, Ames, Iowa 50010. 
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the concentration of inoculum. The eighteen hours old broth 
cultures were used as inocula. 
Turkeys 
A strain of Beltsville turkey poults (Meleagris gallopavo) 
were obtained from a commercial source at one day of age, 
placed in heated batteries in an isolation room with a 
temperature of 21° C and a relative humidity of 45 percent, 
and fed an antibiotic-free turkey starter ration.^  
Bursa of Fabricius Study 
Experiment I: Normal bursa of Fabricius 
One hundred turkey poults were placed in heated batteries 
for this experiment. At three weeks of age, the poults were 
housed on litter in the same isolation room. The age of the 
poults studied ranged from three days to one hundred and 
fifty days. Eight poults were killed weekly to the fourth 
week and then every second week to the sixteenth week, with 
the final group killed at one hundred and fifty days of age. 
Total body weight was recorded in grams when the poult was 
killed. The bursa of Fabricius was excised and weighed to the 
nearest tenth of a milligram. Six bursae were fixed in Bouin's 
solution for routine histology and two bursae were placed in 
2.5 percent glutaraldehyde buffered to pH 7.4 with sodium 
cacodylate buffer for transmission electron microscopy. 
U^nited Suppliers, Inc., Eldora, Iowa 50627. 
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Experiment II; Virulent Escherichia coli uptake in two-day-old 
poults 
One hundred and sixty poults were used in this experiment. 
Each poult was randomly assigned to one of four groups of forty 
poults. At two days of age, twenty-four poults within each 
group received 0.2 milliliter of E. coli, strain 15 broth cul-
Q 
ture (1.2 X 10 bacteria per milliliter) by direct application 
to the anal lips; and sixteen poults were designated as con­
trols. Infected poults were placed in one heated battery and 
controls in another within the same isolation room. Three 
infected and two control poults were killed at each of the 
following times after inoculation: 0, 2, 5, 10, 24, 48, 72, 
and 96 hours. 
Bursae from poults in group number 1 were placed in 3° C 
0.3 percent peptone water to be used for bacterial counts. 
Bursae from poults in group number 2 were fixed in Bouin's 
solution for histopathologic examination, Bursae from poults 
in group number 3 were frozen by immersion in small beakers of 
2 percent methylcellulose in 0.15 M saline (Bertschinger et al., 
1972) and stored in a Revco^  freezer (-60° C) for fluorescent 
antibody staining. Bursae from poults in group number 4 were 
placed in 2.5 percent glutaraldehyde buffered to pH 7.4 with 
sodium cacodylate buffer for transmission electron microscopy. 
R^evco, Inc., Deerfield, Michigan. 
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Experiment III: Avirulent Escherichia coli uptake in two-day-
old poults 
Experiment II was repeated using another one hundred and 
sixty poults. The only exception was E. coli, strain 123 was 
used as the inoculum instead of the strain 15. The inoculum 
9 
received by this group of poults contained 2.0 x 10 bacteria 
per milliliter. 
Experiment IV: Intrabursal inoculation of virulent Escherichia 
coli in thirty-day-old poults 
One hundred and forty poults were raised in an isolation 
room until they were thirty days old. At thirty days of age, 
each poult was randomly assigned to one of four groups of 
thirty-five poults. All poults were given 0.5 milliliter of 
Q g 
E. coli, strain 15 broth culture containing 10 or 10 bacteria 
per milliliter of sterile physiological saline solution by way 
of an intrabursal injection made through a surgical incision 
dorsal to the anus. Thus, twenty-one poults within a group 
received E. coli inoculum and the remaining fourteen poults 
received sterile saline solution. Three infected and two con­
trol poults were killed at each of the following times after 
inoculation: 0, 2, 5, 10, 24, 48, and 72 hours. 
The bursa of each poult was excised and divided equally 
into two portions. One portion of bursa was placed in 3° C 
0.3 percent peptone water to be used for a bacterial count ; 
whereas, the other portion was used for one of the other 
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remaining procedures. The bursal halves in group number 1 
were fixed in Bouin's solution for histopathologic examination. 
The bursal halves for groups number 2 and 3 were placed in 2.5 
percent glutaraldehyde buffered to pH 7.4 with sodium cacodylate 
buffer for scanning and transmission electron microscopy. The 
bursal halves for group number 4 were frozen by immersion in 
small beakers of 2 percent methylcellulose in 0.15 M saline 
(Bertschinger et al., 1972) and stored in a Revco freezer 
(-60° C) for fluorescent antibody staining. 
Bacterial Counts 
For total counts, the bursae with their contents were 
placed in centrifuge tubes, the total volume of the sample 
was adjusted to thirty milliliters by adding 3° C 0.3 percent 
peptone water, and the sample was held in an ice bath for one 
to three hours. After all samples were prepared, they were 
homogenized in a Virtis-45^  homogenizer at full speed for ten 
seconds. Then ten-fold dilutions were made in peptone water, 
plated on 5 percent sheep blood agar, and incubated overnight 
at 37° C. Colonies were identified on the basis of their 
morphology and counted. Their identity was confirmed by slide 
agglutination of at least four colonies per sample in homologous 
2 0;K antiserum that was prepared in rabbits by Dr. N. F. Cheville 
(Edwards and Ewing, 1972). 
V^irtis Research Equipment, Gardiner, New York. 
2 
National Animal Disease Center, Ames, Iowa 50010. 
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Light Microscopy 
Selected portions of each Bouin's-fixed specimen were 
placed in tissue capsules, dehydrated in graded alcohols, 
cleared with a clearing agent, infiltrated with paraffin, and 
embedded in paraffin using an autotechnicon.^  Sections six 
micrometers thick were prepared and stained with hematoxylin-
eosin, periodic acid-Schif;:, Brown and Brenn, and Giemsa 
stains (Luna, 1968), 
Fluorescent Antibody Staining 
Antisera from rabbits hyperimmunized with 0 and K antigens 
of E. coli, strains 15 and 123, and conjugated with fluorescein 
2 isothiocyanate were obtained from Dr. N. F. Cheville. A 
frozen section eight micrometers thick was cut from each tissue 
specimen on a cryostat and placed on a glass slide. The mounted 
tissue section was fixed for four minutes in acetone at room 
temperature. After fixation, the slide was flooded with a 
conjugated antiserum and incubated at 37° C for thirty minutes 
in a moist chamber. The antiserum was poured off, and the 
tissue was washed for four minutes in phosphate buffered 
saline solution and rinsed in distilled water. Three drops of 
glycerin were placed on the section, and a coverglass was 
gently placed over it. Tissue sections were examined with a 
T^echnicon Corporation, Tarrytown, New York 10591. 
2 National Animal Disease Center, Ames, Iowa 50010. 
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Leitz Ortholux fluorescent microscope (Bertschinger et al., 
1972). Tissues from uninfected animals served as controls. 
No positive controls were used. 
Scanning Electron Microscopy 
Tissues were fixed overnight in 2.5 percent glutaraldehyde, 
washed twice for fifteen minutes in distilled water, post-fixed 
in 2 percent aqueous potassium permanganate for one-half and 
one hour, washed again four times in distilled water, dehydrated 
in increasing concentrations of acetone, air-dried, mounted on 
2 
stub with Silver Print Conductive Paint , and coated with 99.9 
O / 
percent gold in a vacuum evaporator (Barber and Boyde, 1968). 
Th^  were examined in a Cambridge Stereoscan Mark II A 
scanning electron microscope^  at 35° tilt with an accelerating 
voltage of 20 kv. Photographs^  were taked with specimen stage 
angles varying from 30 to 45°. 
L^eitz, Inc., New York, New York. 
C Electronics, Rockford, Illinois 61101. 
3 Ladd Research, Burlington, Vermont. 
4 Denton Vacuum, Cherry Hill, New Jersey. 
K^ent Cambridge Scientific, Inc., Morton Grove, Illinois 
60053. 
K^odak Ekta Pan, Eastman Kodak Company, Rochester, New 
York. 
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Transmission Electron Microscopy 
Tissues were fixed for two hours in 2.5 percent u^taralde-
hyde, washed twice for thirty minutes each in sodium cacodylate 
buffer, post-fixed in 2 percent osmium tetroxide, diluted 1:1 
with sodium cacodylate buffer pH 7.4, dehydrated in graded 
alcohols, placed in propylene oxide twice for twenty minutes, 
placed in a 1:1 mixture of propylene oxide and epoxy resin 
(Epon 812^ ) for two hours, put in capsules containing epoxy 
resin and polymerized in a 60° C oven for twenty-four hours 
(Luft, 1961). Five blocks were embedded from each bursa; 
thick sections were cut from each and examined by light 
microscopy. From one of these, ultrathin sections were cut 
2 
with an LKB 8801A Ultrotome using a diamond knife. Sections 
were placed on a two hundred mesh per square inch copper grid, 
stained for two minutes in lead citrate, placed in water, 
dehydrated in graded methyl alcohol and stained for five 
minutes with uranyl acetate. They were then washed in absolute 
methyl alcohol. Sections were examined with a Philips 200 
3 
electron microscope at 60 kv. 
F^isher Scientific Co., Fair Lawn, New Jersey. 
2 LKB-Produkter AB, Stockholm, Sweden. 
3 Philips Electronic Instruments, Mount Vernon, New York 
10550. 
31 
RESULTS 
Experiment I: Normal Bursa of Fabricius 
Bursa of Fabricius growth 
The mean weight of the bursa and percentage of body weight 
are given in Table 1. Bursa weight increased steadily to 
seventy-three days of age. No effort was made to record dif­
ferences in bursa weight to sex in this experiment. At eighty-
seven days of age, the bursa represents slightly more than 0.07 
percent of the body weight ; a decrease of more than 0.03 per­
cent from hatching. The heaviest bursa weight was recorded 
at one hundred and fifteen days of age, but the poults killed 
were the smallest poults in the experiment and females. At 
twenty-four days of age, the bursa represented the highest per­
centage of the body weight at slightly more than 0.17 percent. 
Bursa weight decreased after one hundred and fifteen days which 
suggests that the initial regression of the bursa occurs between 
eighty-seven and one hundred and fifteen days of age (Fig. 2). 
Histology 
In the three-day-old turkey poult, the bursa of Fabricius 
was identified as a small, round sac-like structure located 
dorsal to the cloaca. 
On cross-sectioning of the bursa, twelve longitudinal 
folds of varied length could be identified (Fig. 3). Each fold 
contained numerous round lymphoid follicles arranged within an 
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Table 1. Growth of the bursa of Fabricius in 
Beltsville turkey poults 
Age Bursa weights^  Bursa weight -, 
(Days) (Grams) Body weight 
3 0.078 0.109 
10 0.289 0.158 
17 0.606 0.163 
24 1.068 0.175 
31 1.406 0.143 
45 2.391 0.108 
59 3.196 0.102 
73 4.013 0.084 
87 4.476 0.075 
101 4.206 0.056 
115 5.040 0.067 
150 3.236 - 0.037 
A^verage weight of eight bursae. 
Figure 2. Experiment I. The mean bursa of Fabricius weight 
for each group of eight turkey poults killed in 
relationship to age. 
BURSA WEIGHT (gms) 
— f\) C>J  ^ <Jï O) 0> 
6 b 6 6 b b m 
o o o o o o o r o  
I I I I I I I I I I t I I I I 1 I I I I I I 1 I 
35 
abundant connective tissue framework (Fig. 4). The connective 
tissue consisted basically of a poorly developed network of 
collagen fibers surrounding each follicle and within the center 
of the fold. Each lymphoid follicle was composed of a medulla 
and a cortex separated by a thin layer of undifferentiated 
epithelial cells and a well marked basement membrane. The cor­
tex of the follicle was one cell layer wide and lymphocytes 
were the predominant cell type. The medulla possessed a sup­
porting network of stellate reticulo-epithelial cells whose 
meshes were filled with lymphoid cells. Lymphoblasts and 
macrophages containing phagocytized cellular debris were dis­
tributed randomly in the medulla. Separating the cortex from 
the medulla was a network of large capillaries immediately 
underlying a basement membrane. Adjacent to that basement 
membrane, the outermost layer of the medulla was composed of 
undifferentiated epithelial cells which were continuous with 
the surface epithelium of the fold. The undifferentiated 
epithelial cells were low cuboidal cells with pale staining, 
round nuclei. The lymphoic cellular content of the outer 
medulla was predominantly lymphoblasts. Medium and small 
lymphocytes increased in number going from the outer medulla 
inwardly. The lymphocytes in the cortex and medulla varied in 
size from four to eight micrometers. The smallest bursal 
lymphocytes had only a thir! rim of cytoplasm. The nucleus 
contained densely clumped chromatin and a small nucleolus. The 
Figure 3. Bursa of Fabricius of a three-day-old turkey, 
Experiment I. Cross-section of the bursa with 
longitudinal folds of varied length is present. 
The interfollicular stroma is abundant. The 
lymphoid follicles do not fill the entire length 
of the bursal fold. Plant material is in the 
bursal lumen. Hematoxylin and eosin stain. 
Figure 4. Lymphoid follicles from the bursa of Fabricius 
of a three-day-old turkey, Experiment I. Round 
lymphoid follicles arranged in an abundant 
connective tissue framework and covered with 
surface epithelium. The outer layer of the 
follicle, cortex, is poorly developed. Hema­
toxylin and eosin stain. 
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largest bursal lymphocytes had a substantial amount of lightly 
basophilic cytoplasm. The nucleus had very little clumping of 
the chromatin and a prominent nucleolus. The majority of 
lymphocytes were between these two extremes of size and morph­
ology. The medulla appeared to be devoid of blood capillaries 
except at its periphery. 
Between the lymphoid follicles and within the connective 
tissue framework, there were scattered heterophils and plasma 
cells. The plasma cells were located in close association 
with the outer cortex of the follicle and the basement mem-
brame of the interfollicular epithelium. The heterophils were 
found within the lumen of capillaries, around the outer cortex 
of the follicle and below the basement membrane of interfol-
licular epithelium. 
The surface epithelium of the bursal folds were of two 
types, the interfollicular epithelium and the follicular 
epithelum. The interfollicular epithelium was a tall, columnar, 
pseudostratified type of which all cells rested upon a distinct 
basement membrane. This epithelium had numerous pit-like 
depressions and was irregularly shaped between the follicles. 
The follicular epithelium was well developed and covered the 
apex of the bursal follicle. The width and depth of the 
epithelium were approximately equal so as to give the appearance 
of an epithelial pad covering the bursal follicle. The epithe­
lial cells within the pad were low columnar in shape with 
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abundant cytoplasm. The round to oval nucleus was situated 
above the mid-point of the cell and possessed more than one 
nucleolus. No basement membrane was present at the base of 
the epithelial pad. 
The bursal folds were surrounded evenly with two smooth 
muscle layers which were oriented longitudinally and circularly. 
Outside the muscle layers was a well-defined collagenous 
serosal layer. 
At ten days, the lymphoid follicles were well developed 
and tightly arranged among each other within the bursal fold 
(Fig. 5). The cortex was approximately six cell layers wide 
and contained densely packed lymphocytes (Fig. 6). The 
epithelial pad was approximately equal in width and depth 
(Fig. 7). 
By seventeen days, the lymphoid follicles were oval in 
shape with prominent hypercellular epithelial pads (Fig. 8). 
The epithelial pad cells changed from a low columnar to a 
polygonal shape. The cortices of the follicles were approx­
imately six lymphocytes wide. 
At twenty-four days, the bursal folds were wider than the 
seventeen-day-old bursal folds (Fig. 9). A row of lymphoid 
follicles were positioned between the follicles that were not 
directly associated with the surface epithelium. 
Figure 5. Bursal folds of a ten-day-old turkey. Experiment 
I. The lymphoid follicles are round to oval and 
in close association with the surface epithelium. 
The lymphoid follicles fill the entire length of 
the folds. Hematoxylin and eosin stain. 
Figure 6. Lymphoid follicle from the bursa of Fabricius of 
a ten-day-old turkey. Experiment I. The cortex 
is well defined and approximately six lymphocytes 
wide. To the right of the lymphoid follicle is 
the epithelial pad. Hematoxylin and eosin stain. 

Figure 7. Epithelial pad from the bursa of Fabricius 
of a ten-day-old turkey. Experiment I. 
Epithelial cells are low columnar in shape 
with abundant cytoplasm. The nuclei are round 
to oval and possess one to two nucleoli. No 
basement membrane is present. Hematoxylin and 
eosin stain. 
Figure 8. Lymphoid follicle from the bursa of Fabricius 
of a seventeen-day-old turkey. Experiment I. 
The lymphoid follicle is oval in shape with a 
prominent hypercellular epithelial pad. The 
cortex of the follicle is approximately six 
lymphocytes wide. Hematoxylin and eosin stain. 
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Figure 9. Bursal fold of a twenty-four-day-oId turkey, 
Experiment I. The bursal fold is wider and 
has a row of lymphoid follicles that are not 
directly associated with the surface epithelium. 
Hematoxylin and eosin stain. 
Figure 10. Lymphoid follicle from the bursa of Fabricius 
of a thirty-one-day-old turkey. Experiment I. 
The cortex and medulla of the follicle are 
hypercellular due to the increased number of 
lymphocytes. Hematoxylin and eosin stain. 
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The lymphoid follicles of the thirty-one day old bursae 
were hypercellular in both the cortex and medulla (Fig. 10). 
The hypercellularity was due to an increased number of lympho­
cytes. In addition, as the bursal folds assumed a greater 
width and length, the follicles changed from oval to elongate. 
At forty-five days, the epithelial pad continued to be 
prominent and well developed (Fig. 11). The length of the pad 
increased whereas the width narrowed. 
By fifty-nine days, the cortex and medulla of the lymphoid 
follicle assumed irregular shape and size (Fig. 12). In a few 
follicles, there were focal or multifocal accumulations of 
eosinophilic material in the medulla that was suggestive of 
protein pools (Fig. 13). In other follicles there was a single 
large cyst that was filled with a light staining eosinophilic 
material (Fig. 14). 
In the seventy-three day old bursae, the eosinophilic 
accumulations of the medulla had coalesced into a single cyst 
(Fig. 15). 
At eighty-seven, one hundred and one, and one hundred and 
fifteen days, the lymphoid follicles were elongated in shape 
(Fig. 16). The epithelial pads were smaller and not as 
cellular (Fig. 17). 
By one hundred and fifty days, the bursal folds were 
smaller and similar in appearance to those of the three-day-
old bursa (Fig. 18). The lymphoid follicles were oval versus 
Figure 11. Epithelial pad from the bursa of Fabricius 
of a forty-five-day-old turkey, Experiment 
1. The epithelial cells are polygonal in shape 
with abundant cytoplasm. Prominent nucleoli are 
present in the round to oval nuclei. Hematoxylin 
and eosin stain. 
Figure 12. Bursal fold of a fifty-nine-day-old turkey. 
Experiment I. The cortex and medulla of the lymph­
oid follicles are irregular in shape and size. The 
row of undifferentiated epithelial cells separ­
ating the cortex and medulla is prominent. Hema­
toxylin and eosin stain. 
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Figure 13. Bursal fold of a fifty-nine-day-old turkey. 
Experiment I. Multifocal accumulations of eosino­
philic material in the medulla of a lymphoid 
follicle (center). Hematoxylin and eosin stain. 
Figure 14. Bursal fold of a fifty-nine-day-old turkey, 
Experiment I. A single large cyst is present in 
the fold that replaces the cortex and medulla of 
the lymphoid follicle. It is filled with a light 
staining eosinophilic material. Hematoxylin and 
eosin stain. 

Figure 15. Lymphoid follicle from the bursa of Fabricius 
of a seventy-three-day-old turkey. Experiment 
I. Multifocal accumulations of eosinophilic 
material are present in the medulla. To the 
right of the material, there is a single cyst 
that contains some of the same material. 
Hematoxylin and eosin stain. 
Figure 16. Bursal fold of a one hundred and one-day-old 
turkey. Experiment I. The lymphoid follicles 
are elongated in shape. The interfollicular 
stroma is sparse. Hematoxylin and eosin stain. 

Figure 17. Lymphoid follicles from the bursa of Fabricius 
of a one hundred and one-day-old turkey. Experi­
ment I. The epithelial pad is prominent but 
smaller than the forty-five day old pad (Figure 
11). The row of undifferentiated epithelial 
cells is well defined between the cortex and 
medulla of the lymphoid follicle. Hematoxylin 
and eosin stain. 
Figure 18. Bursal fold of a one hundred and fifty-day-old 
turkey, Experiment I. The lymphoid follicles 
are oval versus the earlier elongated shape. The 
interfollicular stroma is more abundant. Hema­
toxylin and eosin stain. 
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the earlier elongated shape. The cellular morphology of the 
follicles was similar to previously examined follicles. The 
epithelial pads were small and intact (Fig. 19). The strati­
fied polygonal cell relationship was maintained. The inter-
follicular epithelium was a tall, columnar, pseudostratified 
type of which all cells rested upon a distinct basement 
membrane. 
Scanning electron microscopy 
The epithelial surface of the bursa of Fabricius was 
composed of a number of folds (Fig. 20). These folds ware 
contained within a distinct capsule (Fig. 21). On the surface 
of each fold there were numerous well defined patches of 
specialized tissue that were identified as the epithelial 
coverings of the bursal lymphoid follicles. These coverings 
were referred to as follicular pads. In the three-day-old 
turkey poults, the pads were round and laid in the same plane 
as the surrounding interfollicular tissue on each fold (Fig. 
22). The pad and interfollicular tissue were separated by a 
crypt-like depression that was around all pads examined. On 
an occasional pad surface, there were cells and/or debris (Fig. 
23). The interfollicular epithelium had frequent pit-like 
depressions and cells on its surface (Figs. 22 and 24). A 
smooth uninterrupted epithelium covered the follicular pad 
surface (Fig. 25). 
Figure 19. Epithelial pad from the bursa of Fabricius of 
a one hundred and fifty-day-old turkey. Experi­
ment I. The epithelial pad is small and intact. 
Polygonal epithelial cells are densely packed 
in the pad. Hematoxylin and eosin stain. 

Figure 20. Bursa of Fabricius of a three-day-old turkey. 
Experiment I. The epithelial surface of the 
bursa is composed of a number of folds. In the 
upper left corner of the bursa there is a clump 
of charging luminal material. x30. 
Figure 21. Bursa of Fabricius of a three-day-old turkey, 
Experiment I. The serosal surface surrounds 
the bursa. x30. 
59 
Figure 22. Bursal fold surface of a three-day-old turkey, 
Experiment I. Two round follicular pads are 
present in the upper left portion of the 
picture. In the lower left corner, there is 
a deep pit-like depression that contains attached 
cells. x600. 
Figure 23. Follicular pad surface of a three-day-old turkey. 
Experiment I, A single distorted cell is attached 
to the pad surface. The pad is separated from 
the interfollicular tissue by a crypt-like 
depression. xl200. 
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Figure 24. Bursal fold surface of a three-day-old turkey. 
Experiment I. In the upper right comer, there 
is an epithelial pad that is round and lays in 
the same plane as the surrounding interfollicular 
tissue. In the lower left corner there are 
attached cells to the interfollicular epithelium. 
The interfollicular epithelium contains numerous 
pit-like depressions. x900. 
Figure 25. Follicular pad surface of a three-day-old turkey. 
Experiment I. A smooth uninterrupted epithelium 
covers the pad. xl800. 
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At thirty-one days of age, the follicular pad had 
maintained its round shape but instead of being flat, it 
usually projected above the plane of the interfollicular 
tissue (Figs. 26 and 27). The pad had an epithelium of poly­
gonal cells that had sharply delineated borders and possessed 
short, regularly shaped and evenly distributed microvilli. 
The interfollicular epithelium had pit-like depressions, 
irregularly shaped and unevenly distributed microvilli. 
Transmission electron microscopy 
The interfollicular epithelial cells of the bursa of 
Fabricius, three days after hatching had simple, apical cell 
margins that were connected near the luminal surface by tight 
junctions (Fig, 28). Each epithelial cell possessed numerous 
irregularly shaped and unevenly distributed microvilli and 
rested upon a distinct basal lamina. Intercellular spaces 
were small and most apparent near the basal lamina (Fig. 29). 
The cytoplasm had elongated mitochondria, large Golgi complexes, 
and ample rough entoplasmic reticulum. Mucous granules were 
present in most cells and were located near the luminal sur­
face. Nuclei were polar in position and elongate. Frequently 
lymphocytes were present on the epithelial surface (Fig. 30). 
In contrast to the interfollicular epithelium, the fol­
licular epithelium was stratified with a network of polygonal 
cells that was not in direct association with the basal lamina 
(Fig. 31). The surface follicular cells were connected by 
Figure 26. Follicular pad of a thirty-one-day-old turkey, 
Experiment I. The follicular pad is round and 
projects above the plane of the interfollicular 
tissue. A crypt-like depression is present 
around the pad to separate the pad from the 
surrounding tissue. x540. 
Figure 27. Follicular pad of a thirty-one-day-old turkey. 
Experiment I. The follicular pad epithelium 
is composed of polygonal cells with sharply 
delineated borders. The interfollicular epithelial 
cells are more densely packed together than the 
follicular cells. x570. 
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tight junctions and possessed regularly shaped and evenly 
distributed microvilli. Extensive intercellular spaces were 
present between adjacent follicular cells and short cytoplas­
mic processes from the follicular cells were connected by 
desmosomes. The follicular cell nucleus was round to oval 
with evenly distributed chromatin and a single nucleolus. The 
cytoplasm contained a few elongated mitochondria, short strands 
of rough endoplasmic reticulum, massive Golgi complexes, 
numerous vesicles, microfilaments, and free ribosomes. 
At the junction of the interfollicular and follicular 
epithelia, the basement membrane passed from the interfollic­
ular epithelium into the bursal lymphoid follicle (Fig. 32). 
Within the bursal follicle, the cortex and medulla were 
separated by the well-defined basement membrane (Fig. 33). 
A layer of undifferentiated epithelial cells was present in 
the medulla in close association with the basement membrane 
and their cytoplasmic processes served as a supporting network 
for surrounding lymphocytes. In addition to the undifferen­
tiated epithelial cells, reticuloepithelial cells were present 
in the medulla of the follicle where they appeared to form a 
supporting network for lymphocytes and the free cells of the 
medulla (Fig. 34). The reticuloepithelial cells although 
varying considerably in morphology could be differentiated 
from lymphoid cells by the large, pale cytoplasm and contents 
of free ribosomes (usually arranged as polyribosomes), a few 
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strands of rough endoplasmic reticulum, mitochondria, fibrils 
or tonofilaments. A small Golgi complex was occasionally 
identified. These cells had long cytoplasmic processes that 
were often connected by desmosomes to the processes of 
adjacent epithelial cells. On sectioning, the processes faded 
into and out of the plane of section; thus, small segments 
were often seen interposed between lymphoid cells. Some 
cells possessed a pale oval or elongated nucleus with a 
slightly indented nuclear membrane and one to two nucleoli. 
Other reticuloepithelial cells were much darker in appearance 
with an oval or elongated nucleus. The nuclear membrane 
varied from slightly indented to greatly indented, and one to 
two nucleoli were present, Ribosomes, some rough endoplasmic 
reticulum, and a few mitochondria were present in the cyto­
plasm, The cell membranes were connected with adjacent 
epithelial cells by desmosomes. Morphological forms inter­
mediate between the pale and dark reticuloepithelial cells were 
present. Reticuloepithelial cells were rare in the cortex, but 
when present, they were morphologically similar to those in the 
medulla. 
Both the cortex and the medulla of the follicle contained 
many lymphocytes which varied considerably in nuclear diameter 
from four to eight micrometers (Fig. 33). The smaller lympho­
cytes had only a thin rim of cytoplasm while the larger ones 
had more abundant cytoplasm. The smaller lymphocytes had more 
Figure 28. Interfollicular epithelium from the bursa of 
Fabricius of a three-day-old turkey. Experiment 
I. Epithelial cells possess simple apical cell 
borders that are connected near the luminal 
surface by tight junctions. The epithelial 
cells rest upon a distinct basal lamina. Each 
epithelial cell possesses irregularly shaped 
and unevenly distributed microvilli. x5,500. 
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Figure 29. Interfollicular epithelium from the bursa of 
Fabricius of a three day-old turkey. Experiment 
I. The simple epithelial cells are separated 
near the basal lamina by small intercellular 
spaces. Their cytoplasm contains elongated 
mitochondria, large Golgi complexes, and 
ample rough endoplasmic reticulum. Mucous 
granules are present in an epithelial cell near 
the luminal surface. The nuclei are polar and 
elongate. x6,900. 

Figure 30. Interfollicular epithelium from the bursa of 
Fabricius of a three-day-old turkey. Experiment 
I. Lymphocytes and degenerated cells are 
present on the microvillous border of the 
epithelial cells. Mucous granules are present 
in most of the epithelial cells. x4,200. 
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Figure 31. Follicular epithelium in the bursa of Fabricius 
of a three-day-old turkey, Experiment I. The 
epithelium is stratified polygonal cells that 
do not rest upon a basal lamina. The surface 
follicular cells are connected by tight junctions 
and possess short, regularly shaped and evenly 
distributed microvilli. Extensive intercellular 
spaces are present between adjacent follicular 
cells and short cytoplasmic processes from these 
cells are connected by desmosomes. The nuclei 
are round to oval with evenly distributed 
chromatin and single nucleoli. The cytoplasm 
contains a few elongated mitochondria, short 
strands of rough endoplasmic reticulum, massive 
Golgi complexes, and free ribosomes. x4,900. 
76 
Figure 32. Junction of the interfollicular and follicular 
epithelia of a three-day-old turkey, Experiment 
I. The basement membrane passes from the inter-
follicular epithelium into the lymphoid follicle. 
To the right of the basement membrane in the 
follicle, there is a row of undifferentiated 
epithelial cells that is continuous from the 
surface epithelium. The upper portion of the 
picture is the follicular epithelium. x4,400. 
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Figure 33. Bursal lymphoid follicle of a three-day-old turkey. 
Experiment I. A well defined basement membrane 
separates the cortex (left) and medulla (right). 
The cortex is composed of a thin layer of small to 
large lymphocytes. The medulla contains the row 
of undifferentiated epithelial cells and a mixture 
of small to large lymphocytes. No ultrastructural 
distinction could be made between the lymphocytes 
in these two locations. x3,900. 
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Figure 34. Medulla of a lymphoid follicle from the bursa of 
Fabricius of a three-day-old turkey. Experiment I. 
Reticuloepithelial cells are present with long 
cytoplasmic processes. Their nuclei are oval 
and possess single nucleoli. Their cytoplasm 
contains polyribosomes, short strands of rough 
endoplasmic reticulum, a few mitochondria, and 
wide bands of fibrils. The cytoplasmic processes 
are serving as a supporting network for the 
surrounding lymphocytes. x9,400, 
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densely clumped chromatin than the larger cells, and the 
chromatin was present along the inner membrane of the nuclear 
membrane. A nucleolus was apparent, although in the smaller 
lymphocytes it was often obscured by the clumps of chromatin. 
The nucleolus had an irregular or spherical shape and con­
sisted of a meshwork of dense material. The smaller lympho­
cytes contained few organelles, whereas the largest lympho­
cytes contained several mitochondria, a Golgi complex, a 
small amount of rough endoplasmic reticulum, and numerous 
free ribosomes. The nucleus of the larger lymphocytes had 
very little clumping of the chromatin and contained a prominent 
nucleolus (Fig. 35). No ultrastructural differences between 
the cortical and medullary lymphocytes were noted. 
Occasional degenerated lymphocytes were present both in 
the cortex and medulla. Degenerative changes included cell 
shrinkage, darkening of the cytoplasm and nucleus with irreg­
ularly dilated perinuclear cistemae, condensed chromatin with 
dense, granular cytoplasm, or karyorrhexis and karyolysis of 
lymphocytes. 
Macrophages were frequent both in the cortex and medulla, 
and were present in both sites at three days after hatching. 
The macrophage nucleus was round to oval in shape and indented 
(Fig. 36). Their cytoplasmic organelles were a few ribosomes, 
mitochondria, rough endoplasmic reticulum, and lysosomes. Vac­
uoles within the macrophage cytoplasm containing membrane-bound 
cellular debris were frequent. 
Figure 35. Medulla of a lymphoid follicle from the bursa of 
Fabricius of a three-day-old turkey. Experiment 
I. Lymphocytes of different nuclear diameter 
are present. The larger lymphocyte (lower center) 
contains abundant cytoplasm and small amounts 
of clumped chromatin with a prominent nucleolus. 
Several large mitochondria and vacuoles are 
present in the cytoplasm. The smaller lympho­
cyte to the right has a thin rim of cytoplasm 
surrounding a nucleus containing densely clumped 
chromatin and a single nucleolus. They contain 
fewer organelles than the larger lymphocytes. 
The cytoplasm of both of these cells contains 
abundant ribosomes distributed uniformly as 
polyribosomal clusters. x9,100. 

Figure 36. Cortex and medulla of a lymphoid follicle from the 
bursa of Fabricius of a three-day-old turkey. 
Experiment I. Macrophages are frequent in the 
medulla. The macrophage to the right has an 
oval nucleus that is indented and contains 
uniformly distributed chromatin. The cytoplasmic 
organelles are a few elongated mitochondria, free 
ribosomes, short strands of endoplasmic reticulum, 
and lysosomes. In the cortex (upper left), an 
open capillary is present with its corresponding 
endothelial cell. Below the capillary there is a 
plasmablast that is filled with rough endoplasmic 
reticulum. x6,000. 
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Blood capillaries were present in the cortex of the 
follicle, adjacent to the basement membrane (Fig. 36). 
Small dark reticular cells were occasionally seen in the 
cortex, but absent in the medulla (Fig. 37). The nucleus 
varied from spherical to elongated, was slightly indented, and 
a nucleolus was sometimes seen. Cytoplasmic processes of these 
cells penetrated between adjacent lymphocytes and the cytoplasm 
contained ribosomes, occasional mitochondria, and strands of 
rough endoplasmic reticulum. A Golgi complex and centrioles 
were occasionally seen. Associated with the plasma membrane 
of these reticular cells were collagenous fibers that appeared 
to be extracellular and oriented in side-to-side manner. 
Occasionally present in the cortex and rarely in the 
medulla were large cells with a pale cytoplasm and nucleus 
(Fig. 37). Few cytoplasmic organelles were seen, except for 
occasional ribosomes and short strands of rough endoplasmic 
reticulum. The nucleus was round to oval in shape and con­
tained little chromatin. 
Located within the interfollicular stroma were plasma-
blasts (Fig. 38). Their cytoplasm was filled with rough 
endoplasmic reticulum; the cisternae were distended with 
lightly granular material. The plasmablast nucleus had a 
peripheral pattern of chromatin clumping around a central 
nucleolus. 
Figure 37. Cortex and medulla of a lymphoid follicle from 
the bursa of Fabricius of a ten-day-old turkey. 
Experiment I. A small dark reticular cell 
below the basement membrane in the cortex is pre­
sent. Its nucleus is elongated with chromatin 
distributed along the inner membrane of the 
nuclear menbrane. Cytoplasmic processes penetrate 
between adjacent lymphocytes and the cytoplasm 
contains a few mitochondria, free ribosomes, 
strands of rough endoplasmic reticulum, and a 
centriole. Associated with the plasma membrane of 
the reticular cell are collagenous fibers that are 
extracellular and oriented in a side-to-side man­
ner. A large cell with a pale cytoplasm and 
nucleus is below the reticular cell. Few organ­
elles are seen, except for occasional ribosomes and 
short strands of rough endoplasmic reticulum. 
The nucleus is oval with sparse chromatin and 
prominent nucleoli. x5,500. 
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Figure 38. Cortex of a lymphoid follicle of three-day-old turkey. 
Experiment I. A plasmablast is present between 
several fibroblasts. The plasmablast nucleus is 
round with a peripheral pattern of chromatin 
clumping around a central nucleolus. The cyto­
plasm is filled with rough endoplasmic reticulum; 
the cistemae are distended with lightly granular 
material. The collagen-producing fibroblasts are 
frequently seen in the interfollicular stroma. 
The fibroblast nucleus is irregularly shaped with 
a prominent nucleolus and the cytoplasm contains 
mitochondria, rough endoplasmic reticulum, and 
numerous ribosomes. A capillary is present in the 
upper center. x9,700. 
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Fibroblasts were present in the interfollicular stroma 
and were associated with a sparse amount of collagenous 
fibers (Fig. 38). The nucleus was irregularly-shaped and the 
cytoplasm contained rough endoplasmic reticulum with narrow 
cistemae and numerous ribosomes. 
The cortex of the bursal follicles of three-day-old 
poults was poorly developed (Fig. 33) but in ten-day-old 
poults was well defined. In the twenty-four-day-old bursa, 
the lymphoid cellular content of the outer cortex was predom­
inantly small lymphocytes (Fig. 39). Medium and large lympho­
cytes increased in number going from the outer cortex inwardly. 
In the medulla there were numerous degenerated lymphocytes 
that were characterized by darkening of the cytoplasm and 
nucleus with irregularly dilated perinuclear cistemae (Fig. 40). 
By thirty-one days of age, the lymphoid follicle was 
characterized by an increase in macrophages that contained 
phagocytized cellular debris and few degenerated lymphocytes. 
The lymphoid follicles of forty-five, fifty-nine, and seventy-
three-day-old bursae were similar in their cellular morphology 
and development. 
At eighty-seven days of age, the bursal lymphoid follicles 
contained numerous foci in the cortex and medulla that were 
devoid of cells (Figs. 41 and 42). Macrophages and degenerated 
lymphocytes were located adjacent to the foci. The degenera­
tive changes of these cells were clumping of chromatin, 
vacuolation of mitochondria, karyorrhexis, and cytolysis. 
Figure 39. Cortex of a lymphoid follicle from the bursa of 
Fabricius of a twenty-four-day-old turkey. 
Experiment I. The outer cortex at the bottom 
contains predominantly small lymphocytes. 
Medium and large lymphocytes increase in number 
going from the outer cortex toward the basement 
membrane at the top. An erythrocyte is present 
in a capillary at the top. x4,200. 

Figure 40. Medulla of a lymphoid follicle from the bursa of 
Fabricius of a twenty-four-day-old turkey. 
Experiment I. Several degenerated lymphocytes 
are present. They are characterized by darkening 
of the cytoplasm and nucleus with irregularly 
dilated perinuclear cistemae and clumped chromatin. 
Swollen mitochondria with broken cristae are 
present. x4,900. 
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Figure 41. Cortex of a lymphoid follicle from the bursa 
of Fabricius of an eighty-seven-day-old turkey. 
Experiment I. Clumped chromatin, v&cuolation 
of mitochondria, karyorrhexis, and cytolysis 
are the degenerative changes present in the 
majority of the lymphocytes. Acellular foci 
exist where cells are present prior to 
degeneration. x4,000. 
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Figure 42. Medulla of a lymphoid follicle from the bursa of 
Fabricius of an eighty-seven-day-old turkey. 
Experiment I. The degeneration of lymphocytes 
in the medulla is similar to the cortex (Figure 
41). x3,600. 
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By one hundred and fifty days, the lymphoid follicles 
were reduced in size in both the cortex and medulla. The 
cortex was reduced in width and its cellular content was 
predominantly a mixture of small, medium and large lympho­
cytes (Figs. 43 and 44). No ultrastructural distinction was 
observed between the cortical lymphocytes of three days of age 
to those of one hundred and fifty days. The medulla was 
composed of a row of undifferentiated epithelial cells next 
to the distinct basement membrane and their cytoplasmic 
processes served as a supporting network for the surrounding 
lymphocytes (Fig. 45). The cellular content of the medulla 
was predominantly lymphocytes that varied considerably in 
size. No ultrastructural differences between the cortical 
and medullary lymphocytes were noted. Degenerating lympho­
cytes were present both in the cortex and medulla. Degenerative 
changes included cell shrinkage, darkening of the cytoplasm 
and nucleus with irregularly dilated perinuclear cisternae, 
condensed chromatin with dense, granular cytoplasm, or 
karyorrhexis and karyolysis of lymphocytes. Numerous macro­
phages were present both in the cortex and medulla and their 
cytoplasm contained membrane-bounded nuclei of degenerated 
lymphocytes (Fig. 46). Frequently plasmacytes were present 
in the interfollicular stroma (Fig. 47). 
Figure 43. Cortex of a lymphoid follicle from the bursa of 
Fabricius of a one hundred and fifty-day-old 
turkey. Experiment I. The width of the cortex 
is reduced. The upper left corner is the inter-
follicular stroma and the basement membrane is 
at the bottom. An erythrocyte is located next 
to two endothelial cells of a capillary. x5,000. 
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Figure 44. Cortex of a lymphoid follicle from the bursa of 
Fabricius of a one hundred and fifty-day-old 
turkey. Experiment I. A mixture of small, 
medium, and large lymphocytes are present in 
the cortex. No ultrastructural distinction 
could be made between the lymphocytes of three 
days of age to those of one hundred and fifty 
days. x9,700. 
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Figure 45. Medulla of a lymphoid follicle from the bursa of 
Fabricius of a one hundred and fifty-day-old 
turkey. Experiment I. The row of undifferentiated 
epithelial cells is present next to the distinct 
basement membrane. Macrophages are oriented 
among the lymphocytes. x4,400. 
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Figure 46. Medulla of a lymphoid follicle from the bursa of 
Fabricius of a one hundred and fifty-day-old 
turkey. Experiment I. Macrophages are frequent 
in the medulla of the follicle. In the center, 
a macrophage is present that contains membrane-
bounded cellular debris in its cytoplasm. x9,100. 
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Figure 47. Plasmacyte in the interfollicular stroma of the 
bursa of Fabricius of a one hundred and fifty-
day-old turkey, Experiment I. The chromatin is 
clumped peripherally around a central nucleolus. 
The cytoplasm contains free ribosomes and rough 
endoplasmic reticulum. xl9,600. 
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Experiment II: Virulent Escherichia coli 
Uptake in Two-Day-Old Poults 
Bacterial counts 
Escherichia coli, strain 15 was isolated from bursae of 
poults killed at 0, 2, 5, 10, and 24 hours postinoculation 
(Fig. 48). It was not isolated from the lowest dilution 
(10 made for one of three poults at 10 and 24 hours or 
from bursae of three poults killed at each of the following 
times : 48, 72, and 96 hours postinoculâtion. 
Immunofluorescent staining of bursal tissue 
The detection of bacterial antigen using conjugated 
antibacterial globulin, as revealed by specific fluorescence, 
was seen in E. coli, strain 15 infected bursal tissues sampled 
at 0, 2, 5, 10, 24, and 48 hours after inoculation (Table 2). 
The fluorescence was restricted to the epithelial surface of 
the bursal folds. Diffuse distribution of bacterial antigens 
was seen in bursal tissue sampled immediately after inoculation 
(0 hour) (Fig. 49). At 2 and 5 hours after inoculation, 
fluorescence was limited to focal accumulations which were 
scattered over the bursal epithelial surface (Fig. 50). Bursal 
tissue examined 10 hours after inoculation had widespread 
fluorescence which was equal to the 0 hour fluorescence (Fig. 
51). Scattered fluorescing antigens were present 24 and 48 
hours after inoculation, and fluorescence was absent in bursae 
after 48 hours. 
Figure 48. Experiment II. Recovery of E. coli, strain 15 
from the bursa of Fabricius of two-day-old poults 
experimentally exposed. 
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Table 2. Bacterial antigens (E. coli, strain 15) 
detected in bursa of Fabricius 
Hours Bursa of Fabricius 
postinoculation Cortex Medulla Surface epithelium 
0 - - I I I 
2 — — "H" 
5 ++ 
10 - - I I I 
24 - - "H" 
48 - + 
72 - -
96 -
No bacterial antigens detected 
+ Trace of bacterial antigens 
-H- Focal accumulation of bacterial antigens 
+++ Diffuse distribution of bacterial antigens 
Figure 49. Bursa of Fabricius immediately after inoculation. 
Experiment II. Bacterial antigen is present on 
the luminal side of the surface epithelium. 
Fluorescent antibody stain. 
Figure 50. Bursa of Fabricius 2 hours after inoculation. 
Experiment II. Bacterial antigen is scattered 
and limited to the bursal epithelial surface. 
Fluorescent antibody stain. 
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Specific fluorescence was not observed in uninfected 
bursae (controls) at each postinoculation time studied (Fig. 
52). Non specific, yellow fluorescence was emitted by lipid 
globules, fat cells, and some lipid-containing cytoplasmic 
globules. 
Histopathology 
The bursae infected with E. coli, strain 15 closely 
resembled their normal counterparts in relation to organ size, 
number and size of follicles, and the content of lymphoid 
cells and heterophils. There were no observable histologic 
lesions in these infected bursae (Figs. 53, 54, 55, and 56). 
Bacteria could not be clearly identified in Gram-stained 
tissue sections. 
Transmission electron microscopy 
Bursae from both the E. coli, strain 15 infected and 
uninfected poults were examined with the electron microscope. 
Bacteria were observed on the epithelial surfaces of 0, 2, 5, 
and 10 hours postinoculation bursae, but they always were 
located a discrete distance from the microvillous border of 
the epithelium (Fig. 57). Intraepithelial bacteria were not 
observed. Epithelial cell changes were not detected adjacent 
to the bacteria. No cytopathologic changes were observed in 
epithelial pads or lymphoid follicles examined (Figs. 58, 59, 
60, and 61). 
Figure 51. Bursa of Fabricius 10 hours after inoculation. 
Experiment II. Bacterial antigen is widespread 
over the bursal epithelial surface. Fluorescent 
antibody stain. 
Figure 52. Bursa of Fabricius uninfected. Experiment II. 
Bacterial antigen is not observed in this bursal 
tissue. Fluorescent antibody stain. 
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Figure 53. Bursa of Fabricius fold 5 hours after inoculation, 
Experiment II. The fold size as well as the num­
ber and size of the follicles are unremarkable 
when compared to the uninfected bursa. Hematoxylin 
and eosin stain. 
Figure 54. Bursa of Fabricius lymphoid follicles 5 hours 
after inoculation. Experiment II. The lymphoid 
cells are unremarkable when compared to the 
uninfected bursa. Hematoxylin and eosin stain. 
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Figure 55. Bursa of Fabricius fold 24 hours after inoculation, 
Experiment II. The fold morphology is similar to 
bursal fold from 5 hours postinoculâtion (Fig. 53). 
Hematoxylin and eosin stain. 
Figure 56. Lymphoid follicle in bursa 24 hours after inocula­
tion, Experiment II. The follicle is similar to 
the 5 hour postinoculation follicle. No cellular 
change is observed. Hematoxylin and eosin stain. 

Figure 57. Surface epithelium immediately after inoculation. 
Experiment II. A bacterial cell is located a 
discrete distance from the microvillous border of 
the epithelium. xl8,200. 
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Figure 58. Epithelial pad 2 hours after inoculation. Experi­
ment II. The epithelial cell microvilli, apical 
intercellular tight junctions and cytoplasmic 
organelles are intact. xl2,500. 
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Figure 59. Medulla of bursal lymphoid follicle 5 hours after 
inoculation. Experiment II. The lymphoid cells 
are intact. Mitochondria are swollen and cristae 
are broken. x9,100. 
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Figure 60. Epithelial pad 24 hours after inoculation, 
Experiment II. The apical epithelial inter­
cellular tight junctions and cytoplasmic organ­
elles are intact. xll,600. 
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Figure 61. Medulla of bursal lymphoid follicle 24 hours 
after inoculation, Experiment II. The undiffer­
entiated epithelial and lymphoid cells are 
intact. Mitochondria are swollen and breaks are 
present in the surrounding membranes. Cristae 
are broken in the mitochondria. x9,100. 
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Experiment III: Avirulent Escherichia coli 
Uptake in Two-Day-Old Poults 
Bacterial counts 
Escherichia coli, strain 123 was isolated from bursae of 
poults killed at 0, 2, 5, 10, 24, 48, 72, and 96 hours post-
inoculation (Fig. 62). It was not isolated from the lowest 
dilution (10"^ ) for one of three poults at 5, 24, 48, and 96 
hours postinoculation. The bacterial counts of the 0 hour 
poults were the highest obtained, whereas the counts obtained 
from the 96 hour poults were the lowest. 
Immunofluorescent staining of bursal tissue 
The detection of bacterial antigen using conjugated 
antibacterial globulin, as revealed by specific fluorescence, 
was seen in all E. coli, strain 123 infected bursae (Table 3). 
The fluorescence was restricted to the epithelial surface of 
the bursal folds. Diffuse distribution of bacterial antigens 
was seen at 0 and 2 hours after inoculation (Fig. 63). By 5 
hours, fluorescence was limited to focal accumulations which 
were scattered over the bursal epithelial surface. At 10 and 
24 hours after inoculation, fluorescing bacterial antigens 
was scattered and difficult to find. Bursal tissue examined 
48 hours after inoculation had widespread fluorescence which 
was equal to the 2 hour fluorescence (Fig. 64). After 48 
hours, fluorescence had decreased to focal areas or trace 
amounts. 
Figure 62. E-cperiment III. Recovery of E. coli, strain 123 
from the bursa of Fabricius 61 two-day-old poults 
experimentally exposed. 
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Table 3. Bacterial antigens (E. coli, strain 123) 
detected in bursa of Fabricius 
Hours 
postinoculation Cortex 
Bursa of Fabricius 
Medulla Surface epithelium 
0 +++ 
2 - +++ 
5 - - ++ 
10 - + 
24 - + 
48 - - 1 1 1 
72 - 44-
96 - + 
No bacterial antigens detected 
+ Trace of bacterial antigens 
++ Focal accumulation of bacterial antigens 
-H-+ Diffuse distribution of bacterial antigens 
Figure 63. Bursa of Fabricius 2 hours after inoculation. 
Experiment III. Bacterial antigen is over the 
bursal epithelial surface. No bacterial antigen 
is present in the lymphoid follicle. Fluorescent 
antibody stain. 
Figure 64. Bursa of Fabricius, 48 hours after inoculation. 
Experiment III. Bacterial antigen is restricted 
to the bursal epithelial surface. Fluorescent 
antibody stain. 
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Figure 65. Bursa of Fabricius uninfected. Experiment III. 
Bacterial antigen is not present in this bursal 
tissue. Fluorescent antibody stain. 
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Specific fluorescence was not observed in uninfected 
bursae (controls) at each postinoculation time studied (Fig. 
65). Non-specific, yellow fluorescence was emitted by lipid 
globules, fat cells, and some lipid-containing cytoplasmic 
globules. 
Histopathology 
The only observable lesion was seen in the bursal 
epithelium 48 hours after inoculation and consisted of a 
mild catarrhal bursitis (Fig. 66). Numerous Gram positive 
and negative bacteria were present in the mucus (Fig. 67). 
No histologic lesions were observed in the lymphoid follicles 
of all E. coli, strain 123 infected bursae (Fig. 68). 
Transmission electron microscopy 
Bursae from both the E. coli, strain 123 infected and 
uninfected poults were examined with the electron microscope. 
Bacteria were observed on the epithelial surfaces of the 
bursae at 0, 2, 5, 10, 24, 48, and 72 hours postinoculation. 
The bacteria were most frequently located a discrete distance 
from the microvillous border of the epithelium (Figs. 69 and 
70). Intraepithelial bacteria were not observed. Epithelial 
cell changes were not detected adjacent to the bacteria. At 
10 hours after inoculation, no cytopathologic changes were 
observed in epithelial pads or lymphoid follicles examined 
(Figs. 71, 72, 73, and 74). By 48 hours after inoculation. 
Figure 66. Bursa of Fabricius 48 hours after inoculation, 
Experiment III. A layer of mucus that contains 
bacteria and cellular detritus is present over 
the bursal epithelial surfaces. Hematoxylin and 
eosin stain. 
Figure 67. Bursa of Fabricius 48 hours after inoculation. 
Experiment III. The layer of mucus contains 
Gram positive and negative bacteria. Brown and 
Brenn stain. 

Figure 68. Bursal fold 48 hours after inoculation. Experiment 
III. The fold size as well as the number and size 
of the follicles are unremarkable when compared to 
the uninfected bursa. Hematoxylin and eosin stain. 
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Figure 69. Surface epithelium of bursa of Fabricius 48 hours 
after inoculation, Experiment III. A bacterial 
cell is located (center) a discrete distance from 
the microvillous border of the epithelium. 
Degenerated lymphocytes and cellular detritus 
are present above the bacterial cell. The 
epithelial cell microvilli, apical intercellular 
tight junctions, and cytoplasmic organelles are 
intact. xll,600. 
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Figure 70. Surface epithelium of the bursa of Fabricius 72 
hours after inoculation, Experiment III. A 
bacterial cell is present that is not associated 
with the surface epithelium. x42,100. 
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Figure 71. Epithelial pad 10 hours after inoculation, 
Experiment III. Epithelial cell microvilli, 
apical intercellular tight junctions, and cyto­
plasmic tubules are intact. Mitochondria are 
swollen with cristae broken. xll,200. 

Figure 72. Medulla of bursal lymphoid follicle 10 hours 
after inoculation, Experiment III. The lymphoid 
and undifferentiated epithelial cells are intact. 
Mitochondria are swollen. xl0,800. 
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Figure 73. Medulla of bursal lymphoid follicle 10 hours 
after inoculation. Experiment III. The chromatin 
of the lymphoid cells is uniformly distributed. 
The nucleoli are prominent. Mitochondria are 
swollen with their cristae broken, x8,700. 

Figure 74. Medulla of bursal lymphoid follicle 10 hours after 
inoculation, Experiment III. A macrophage is 
present (center) and is intact. A mild swelling of 
the mitochondria is present. xl4,400. 
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mucus and cellular detritus were present on the microvillous 
border of the interfollicular epithelium (Fig. 75). No 
cytopathologic changes were observed in the epithelial pads 
or lymphoid follicles examined (Fig. 76). 
Experiment IV: Intrabursal Inoculation of 
Virulent Escherichia coli in Thirty-Day-Old Poults 
Bacterial counts 
Escherichia coli, strain 15 was isolated from bursae of 
poults killed at 0, 2, 5, 10, 24, 48, and 72 hours postinocu­
lation (Fig. 77). No bacteria were isolated from an occa­
sional bursa at the lowest dilution made, 10'^ . The bacterial 
counts from the infected bursae were scattered. No growth 
curve was suggested from the data collected. 
Immunofluorescent staining of bursal tissue 
The detection of bacterial antigen using conjugated anti­
bacterial globulin, as revealed by specific fluorescence, was 
seen in all E. coli, strain 15 infected bursae (Table 4). 
Diffuse distribution of bacterial antigens was seen immediately 
after inoculation (0 hour) over the epithelial bursal surface. 
After 0 hour, the amount of bacterial surface antigen decreased 
progressively. Bacterial antigen was first seen in the cortex 
of a few bursal lymphoid follicles 5 hours after inoculation. 
At 10 hours, much fluorescence was present throughout the 
affected follicles (Fig. 78). Bursal tissue examined 24 and 
Figure 75. Interfollicular epithelium 48 hours after inocu­
lation, Experiment III. Mucus and cellular de­
tritus are present on the microvillous border of 
the epithelium. The epithelial microvilli, 
apical intercellular tight junctions, and cyto­
plasmic organelles are intact. Heterophils are 
present below the basal lamina. x6,000. 
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Figure 76. Epithelial pad 48 hours after inoculation, Experi­
ment III. The apical intercellular tight junc­
tions and cytoplasmic organelles are intact. A 
heterophil is present in the intercellular space, 
xll,000. 
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Figure 77. Experiment IV. Recovery of E. coli, strain 15 
from the bursa of Fabricius of thirty-day-old 
poults experimentally exposed. 
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Table 4. Bacterial antigens (E. coli. strain 15) 
detected in bursa of Fabricius 
Hours 
postinoculation Cortex 
Bursa of Fabricius 
Medulla Surface epithelium 
0 444-
2 - 44-
5 + - 44-
10 -H-+ 44- 44-
24 ++ 44-
48 ++ 44- 4-
72 + + 4-4-
No bacterial antigens detected 
+ Trace of bacterial antigens 
-H- Focal accumulation of bacterial antigens 
+++ Diffuse distribution of bacterial antigens 
Figure 78. Bursal fold 10 hours after inoculation, Experiment 
IV. Bacterial antigen is present in the cortex 
and medulla of the bursal lymphoid follicle. 
Fluorescent antibody stain. 
Figure 79. Bursal lymphoid follicle uninfected. Experiment IV. 
Bacterial antigen is not present in the follicle. 
A focus of non-specific fluorescence is present 
below the epithelial surface in the upper right 
corner. Fluorescent antibody stain. 
170 
171 
48 hours after inoculation had focal cytoplasmic fluorescence 
believed to be in macrophages. Scattered fluorescing cells 
were present 72 hours after inoculation. 
Specific fluorescence was not observed in saline inocula­
ted bursae (controls) at each postinoculâtion time studied 
(Fig. 79). Non-specific, yellow fluorescence was emitted by 
lipid globules, fat cells, and some lipid-containing cyto­
plasmic globules. 
Histopathology 
Bursal fold swelling in the 2 hours postinoculation bursae 
was the first detectable change seen. This swelling was 
restricted to the interfollicular stroma in which free bacteria 
were identified (Fig. 80). By 5 hours postinoculation, the 
interfollicular stroma was filled with heterophils and fibrin 
(Fig. 81). Bacteria were located in the stroma as free organ­
isms or contained within the cytoplasm of heterophils (Fig. 82). 
Most of the small vessels in the interfollicular stroma and 
lymphoid follicles were dilated and congested. At 10 hours 
postinoculation, the interfollicular cellulitis was most severe 
in a single bursal fold accompanied by a mild cellular swelling 
of the lymphoid follicles (Figs. 83, 84, and 85). By 48 hours 
postinoculation, the cellulitis was reduced to a mild mono­
nuclear cell exudation and the lymphoid follicles had returned 
to a normal appearance (Figs. 86 and 87). A 0.2 centimeter 
abscess was seen in a bursal fold of one poult 48 hours after 
Figure 80. Bursal fold 2 hours after inoculation, Experiment 
IV. Swelling is present in the interfollicular 
stroma. Free bacteria are present between the 
lymphoid follicles and below the surface epithelium. 
Giemsa stain. 
Figure 81. Bursal fold 5 hours after inoculation. Experiment 
IV. Swelling and exudation of heterophils are 
present in the interfollicular stroma. The 
lymphoid follicles are intact. Hematoxylin and 
eosin stain. 
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Figure 82. Bursal fold 5 hours after inoculation. Experiment 
IV. In the interfollicular stroma, bacteria are 
present as free organisms or contained in the 
cytoplasm of heterophils. Giemsa stain. 
Figure 83. Bursal fold 10 hours after inoculation. Experiment 
IV. Interfollicular cellulitis is present in the 
fold that is characterized by an accumulation of 
heterophils and bacteria. Hematoxylin and eosin 
stain. 

Figure 84. Bursal fold 10 hours after inoculation. Experiment 
IV. Interfollicular cellulitis is present that is 
characterized by accumulation of heterophils and 
bacteria. A mild lymphoid swelling is present. 
Hematoxylin and eosin stain. 
Figure 85. Bursal fold 10 hours after inoculation. Experiment 
IV. Bacteria are present in the interfollicular 
stroma as free organisms or contained in the cyto­
plasm of heterophils. Giemsa stain. 
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Figure 86. Bursal fold 48 hours after inoculation, Experiment 
IV. The interfollicular cellulitis is reduced to 
a mild mononuclear cell exudation and swelling. 
Hematoxylin and eosin stain. 
Figure 87. Bursal fold 48 hours after inoculation. Experiment 
IV. A mild interfollicular stroma swelling is 
present. Hematoxylin and eosin stain. 
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Figure 88. Bursal fold 48 hours after inoculation. Experiment 
IV. An abscess is present in the bursal fold. 
Hematoxylin and eosin stain. 
Figure 89. Bursal lymphoid follicle 48 hours after inoculation, 
Experiment IV. Phagocytized cellular debris is 
present in the macrophages of the medulla. Giemsa 
stain. 
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inoculation (Fig. 88). At 24, 48, and 72 hours post inoculation, 
many lymphoid follicles contained in their medulla an increased 
amount of phagocytized cellular debris (Fig. 89). 
Bursal fold swelling was the only change observed in the 
saline inoculated burase (controls). 
Scanning electron microscopy 
In most E. coli, strain 15 infected bursae, there were 
bacterial cells scattered over the bursal fold epithelium. 
They usually were identified as single bacterial rods on the 
interfollicular epithelium. On bursal fold surfaces of 48 and 
72 hours after inoculation, there were microcolonies of fifty 
to one hundred bacterial cells scattered over the interfolli­
cular epithelium (Fig. 90). Usually, these microcolonies 
were in direct association with a layer of mucus. The bacteria 
were in close proximity and apparently adhering to the micro­
villi (Figs. 91 and 92). The surfaces of the bacteria were 
granular and relatively rough. Mucus-like strands appeared 
to connect the bacteria with each other (Fig. 93). 
Transmission electron microscopy 
The early exudation of heterophils was seen in the 5 hours 
postinoculation bursae (Fig. 94). The exudation was restricted 
to the interfollicular stroma within a bursal fold. Bacteria 
were identified in the cytoplasm of a few heterophils (Fig. 95). 
In addition to the exudation, there was intracellular swelling 
within the lymphoid follicles at 10 hours postinoculation 
Figure 90. Bursal fold surface 72 hours after inoculation. 
Experiment IV. A microcolony of fifty to one 
hundred bacteria is present on the interfollicular 
surface. x2,300. 
Figure 91. Bursal fold surface 72 hours after inoculation. 
Experiment IV. Bacteria are present in close 
proximity to the epithelial microvilli. The white, 
round cells among the bacteria are lymphocytes. 
x2,200. 

Figure 92. Bursal fold surface 72 hours after inoculation, 
Experiment IV. Bacteria are present in close 
proximity and apparently adhering to the epithelial 
microvilli. x5,700. 
Figure 93. Bursal fold surface 72 hours after inoculation. 
Experiment IV. The bacterial surfaces are rela­
tively rough. Mucus-like strands appear to connect 
the bacteria to each other. x5,400. 
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Figure 94. Interfollicular stroma of the bursa of Fabricius 
5 hours after inoculation, Experiment IV. 
Heterophils are present in the interfollicular 
stroma. xll,200. 
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Figure 95. Interfollicular stroma 5 hours after inoculation. 
Experiment IV. Bacteria are present in a mem­
brane-bound vacuole above two heterophils. 
x23,700. 
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(Fig. 96). Cytoplasmic vacuoles, irregular perinuclear 
cisternae, and swollen mitochondria with broken cristae 
were present in lymphocytes of the follicle (Fig. 97). 
After 10 hours postinoculation, lymphoid follicle changes 
were not observed. 
No cytopathologic changes were observed in the epithe­
lial pads and interfollicular epithelia examined. 
Figure 96. Medulla of bursal lymphoid follicle 10 hours after 
inoculation. Experiment IV. Intracellular swell­
ing is present in the lymphoid cells and macro­
phages. Cytoplasmic vacuoles, irregular peri­
nuclear cisternae, and swollen mitochondria with 
broken cristae are the cellular changes present. 
x6,700. 
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Figure 97. Medulla of bursal lymphoid follicle 10 hours after 
inoculation. Experiment IV. Cytoplasmic vacuoles, 
irregular perinuclear cistemae, and swollen mito­
chondria with broken cristae are the degenerative 
changes in the lymphoid cells. Electron-dense 
material is present (center) around the plasma 
membrane of one lymphoid cell. xll,600. 
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DISCUSSION 
Development and Morphology of Bursa of Fabricius 
Bursa of Fabricius growth 
The turkey bursa attained its maximum weight at an older 
age than has been reported in chickens. The maximum mean 
bursal weight of Beltsville turkeys occurred at 
one hundred and fifteen days of age, whereas in chickens, 
Wolfe et (1962) reported the maximum mean bursal weight 
in Arbor Acre White Rocks occurred at seventy days. Click's 
(1956) data, using three different breeds of chickens, indi­
cated a peak mean bursal weight at fifty-six days for male 
Rhode Island Reds, twenty-eight to thirty-one days for male 
White Leghorns and fifty-six to ninety-eight days for males 
hatching from a cross between Barred Plymouth Rocks and 
Dominant White Rocks. 
Bursal regression in the turkey occurs later in life 
than in the chicken. Initial regression of the turkey bursae 
was between eighty-seven and one hundred and fifteen days of 
age, whereas in the chicken, initial regression has been 
reported to occur between twenty-eight to eighty-four days 
depending on the breed studied (Wolfe et al., 1962 ; Yamada, 
1966; Click, 1956; and Warner and Szenberg, 1964). The initial 
bursal regression time could have been more precise in this 
study if more turkeys had been used. Complete bursal involution 
was never obtained. 
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Morphology 
The morphology of the turkey bursa was similar to the 
reported studies of the chicken bursa (Hodges, 1974; Holbrook 
et al., 1974; and Frazier, 1974). 
Distinct morphologic differences were observed between 
the two types of surface epithelium. The interfollicular 
epithelium was structurally similar to the described chick 
bursal epithelium (Holbrook et al., 1974) except for the fact 
that intercellular spaces were apparent adjacent to the basal 
lamina (Fig. 29). The follicular epithelial pad in the three-
day-old turkey bursa was round and laid in the same plane as 
the surrounding interfollicular tissue but in the thirty-one-
day-old poult was round and projected above the plane of the 
surrounding tissue (Figs. 22 and 26). Holbrook et , (1974) 
described two types of follicular pads in the chicken that were 
distinguished on the basis of surface morphology. One 
follicular pad was button-like and set off from the surrounding 
tissue by a crypt-like depression whereas the second type of 
pad projected from the bursal surface and lacked the crypt-like 
depression. Only the follicular pad that was surrounded by the 
crypt-like depression was observed in the turkey bursa. 
Lymphocytes and degenerated cells were observed on the 
epithelial surfaces of the bursal folds by all modes of micro­
scopy. Lymphocytes on the bursal fold surface have been 
reported by Holbrook et al., (1974). Others have identified 
lymphocytes within the bursal epithelium of the embryonic 
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bursa (Bockman and Cooper, 1973). Holbrook observed lympho­
cytes between the follicular epithelial cells in ten to four­
teen-day-old chicks but not between the interfollicular 
epithelial cells. Our findings with turkey bursae identified 
lymphocytes, heterophils and degenerated cells within the 
intercellular spaces of the interfollicular and follicular 
epithelia. The significance of the lymphocytes on and within 
epithelia of the bursa is unknown. 
The cellular morphology of the lymphoid follicles within 
the bursal folds of the turkey was similar to that in chickens 
(Frazier, 1974 and Hodges, 1974). Lymphocytes were similar 
to those seen in the chicken (Clawson, et al., 1967). The 
fine structure of the macrophage within the lymphoid follicle 
of the bursa was the same as reported by Niedorf and Wolters 
(1974). 
The morphological development of the turkey bursae from 
age three days to one hundred and fifty days can be artificially 
divided into four periods of time (Fig. 2), The first period 
of time included bursae from three days to thirty-one days of age. 
The bursal folds were long and narrow. The cortex of the 
lymphoid follicle in three-day-old bursa was poorly developed 
but in the ten-day-old poults was well defined. With 
increasing age of the poults, the cortex and medulla increased 
in size. This change in size was most apparent in the cortex 
where the number of lymphocytes increased dramatically. 
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The second period included bursae from thirty-one days to 
seventy-three days of age. During this time the bursal folds 
grew in size by increasing their length and width. The lymphoid 
follicles occupied the majority of the space within the bursal 
folds and assumed long, narrow shapes. Both the cortex and 
medulla increased in size because of the continued increase in 
lymphocytes. 
The third period included bursae from seventy-three to one 
hundred and fifteen days of age. In these bursae, the lymphoid 
follicles were beginning to regress in size. Degenerated 
lymphocytes were frequent in both the cortex and medulla of 
some follicles. These degenerative changes were characterized 
by clumping of chromatin, vacuolation of the mitochondria, 
karyorrhexis, and cytolysis. Macrophages in these areas 
contained membrane-bounded cellular debris in their cytoplasm. 
The fourth period included bursae at one hundred and fifty 
days of age. This was the period of active involution. The 
bursal folds and their lymphoid follicles had decreased in 
size. Degenerated lymphocytes and macrophages were numerous 
in most follicles. 
Bursal Response to Escherichia coli in 
Two-Day-Old Poults 
The response of the bursa of Fabricius to virulent and 
avirulent E. coli was different. The virulent E. coli (strain 
15), after experimental exposure was not recovered from the 
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bursae after twenty-four hours postinoculation while the 
avirulent E. coli, strain 123 was recovered through ninety-
six hours postinoculâtion. 
Based on the results of the bacterial counts and immuno­
fluorescence, it was concluded that the E. coli, strain 15 was 
not able to colonize the bursal epithelium as enteropathogenic 
E. coli colonizes the porcine small intestine (Bertschinger 
et al., 1972). Initially, it was assumed that the introduction 
of virulent E. coli via the cloacal route would permit passage 
of bacteria through the bursal pad epithelium . If the 
bacteria passed through the epithelial pad (in view of the 
production of immunity), cytopathologic changes could be 
observed with light and transmission electron microscopy. The 
assumption was not valid for strain 15 was never observed beyond 
the microvillous border of the surface epithelium. There were 
no observable histologic lesions in the infected bursa 
lymphoid follicles. These findings indicate that the E. coli, 
strain 15 did not associate with the bursal epithelium, did 
not pass through the follicular pad epithelium, and did not 
cause cellular changes in the lymphoid follicle. 
The possibility exists chat bacteria were removed from 
the bursal lumen during the collection and fixation of the 
bursae. This could explain the lack of bacterial association 
with the bursal epithelium observed with E. coli, strain 15. 
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The E. coli, strain 123 used in this study was isolated 
from the pig intestine. In the pig this organism does not 
associate with the porcine small intestine and is referred to 
as a non-enteropathogenic strain of E. coli (Bertschinger et al. , 
1972). The term "avirulent E. coli" is used to define the lack 
of infectivity of tnis organism for the turkey. Initially, 
it was assumed that E. coli, strain 123 infected bursae would 
contrast the response of the bursa to the strain 15. The 
assumption was partially correct. Cytopathologic changes were 
not observed in the bursal lymphoid follicles. The bacterial 
counts, immunofluorescence and light microscopy of the infected 
bursae indicated that the E. coli, strain 123 was present in 
the bursal lumen from the time after inoculation to ninety-six 
hours postinoculâtion. This finding was unexpected in the fact 
that the virulent strain was present in the bursa up to twenty-
four hours postinoculation whereas the avirulent strain was 
still present and recovered at ninety-six hours postinoculation. 
A plausible explanation is simply that these two strains of E. 
coli require different mi cro environment s for bacterial growth. 
Strain 123 was never observed beyond the microvillous border of 
the surface epithelium nor was adhesion of the bacteria with 
the epithelial cells observed. 
The lack of cytopathologic features in the turkey bursa of 
Fabricius after the introduction of E. coli is comparable to 
work reported in chickens (Schaffner et , 1974). 
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Bursal Response to Intrabursal Inoculation 
of Virulent Escherichia coli in Thirty-Day-
Old Poults 
Escherichia coli localized first in the interfollicular 
stroma of the bursal fold. Organisms probably were introduced 
into the bursal fold as well as into the bursal lumen during 
the inoculation procedure. Bacteria were never observed in the 
follicular epithelial pads and interfollicular epithelia. 
Epithelial cell changes were not apparent from the infected 
bursae. These findings would suggest that the E. coli did 
not pass from the lumen through the surface epithelium of the 
bursal fold. In the guinea pig intestinal tract, Salmonella 
penetrates beyond the epithelium into the sub-epithelial 
tissues. These bacteria penetrate through epithelial cells and 
the basement membrane into the lamina propria of the small 
intestine (Takeuchi and Sprinz, 1967; Sprinz et al., 1966). 
Here they are ingested by macrophages (Takeuchi and Sprinz, 
1967) and multiply within the macrophages (Mackaness, 1964). 
In the early stages of salmonellosis, damage to the intestinal 
epithelium is slight. The microvilli degenerate at the site 
of bacterial penetration but this damage appears to be 
transient and reversible (Takeuchi and Sprinz, 1967). Micro-
illi of the bursal surface epithelium were intact in those 
tissues examined. 
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A lack of generalized lymphoid necrosis after direct 
inoculation of E. coli, strain 15 into the bursal tissue 
indicates the bacteria and its toxins are unable to cause 
destruction of lymphopoietic tissue. This observation is 
different from reported viral infections of the bursa. 
Lymphoid necrosis with reticular cell hyperplasia is 
characteristic of many viral infections. The viruses of 
Gumboro disease of chickens (Cheville, 1967), duck plague 
of ducks (Proctor, 1975), and Newcastle disease of chickens 
(Cheville and Beard, 1972) all produce severe and selective 
damage to lymphoid tissue. 
Repair of the bursal fold inflammation was apparent 
after 48 hours postinoculation. Macrophages in the lymphoid 
follicle and interfollicular stroma contained membrane-bound 
cellular debris in their cytoplasm. The bursal fold swelling 
was negligible. These observations are compatible with 
acute inflammation subsiding in damaged tissue. 
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SUMMARY 
The morphology and development of the bursa of Fabricius 
and the response of the bursa to virulent and avirulent E. coli 
were studied in newly hatched Beltsville turkeys. Bursae were 
collected sequentially and examined by light, fluorescent, and 
electron microscopy. 
The maximum mean bursal weight occurred at eighty-seven to 
one hundred and fifteen days of age. Initial regression of the 
bursae occurred between eighty-seven and one hundred and 
fifteen days of age. Complete bursal involution was not seen 
at one hundred and fifty days. 
The morphology of the bursa of Fabricius in the turkey is 
described. The bursa was composed of twelve longitudinal folds 
of varied length. Each fold was covered by a surface epithelium 
and contained numerous round to elongated lymphoid follicles 
arranged within a sparse connective tissue framework. The 
surface epithelium were of two distinct types: the inter­
follicular epithelia and the follicular epithelium. On the 
basis of surface structure, the follicular epithelial pad was 
round or oval and set off from the surrounding interfollicular 
tissue by a crypt-like depression. The follicular pad in the 
three-day-old turkeys was round and laid in the same plane as 
the surrounding tissue, whereas in the thirty-one-day-old 
turkeys it projected above the plane of the surrounding tissue. 
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The interfollicular epithelium was a tall, columnar, 
pseudostratified type of which all cells rested upon a distinct 
basal lamina. The follicular epithelium was composed of cells 
that were low columnar to polygonal in shape with abundant 
cytoplasm and was not supported by a basement membrane. 
Each lymphoid follicle was composed of a medulla and a 
cortex separated by a row of undifferentiated epithelial cells 
and a well marked basement membrane. Reticuloepithelial cells 
were rare in the cortex but were common in the medulla. 
Confined to the cortex were small, dark reticular cells 
associated with collagenous fibers. Lymphocytes, that varied 
considerably in size, and macrophages were present in both the 
cortex and medulla. Occasionally large, pale cells with few 
cytoplasmic organelles were present in the follicles. Fibro­
blasts, which were associated with collagen fibers, were common 
in the interfollicular stroma. The cortex of the follicles in 
three-day-old poults was poorly developed, but in ten-day-old 
poults was well defined. Heterophils and plasmablasts were 
present in the interfollicular stroma at three days of age and 
older. Blood capillaries were present in the cortex, often in 
close association with the basement membrane. 
The response of the bursa of Fabricius to virulent and 
avirulent E. coli inoculated by direct application to anal lips 
in two-day-old poults was different. The virulent E. coli after 
experimental exposure was not recovered from the bursae after 
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24 hours postinoculation while the avirulent E. coli was 
recovered through 96 hours postinoculation. Neither the 
virulent nor the avirulent E. coli were able to colonize the 
bursal epithelium, to pass through the follicular pad 
epithelium, or to cause cellular changes in the lymphoid 
follicles. A mild catarrhal bursitis was observed 48 hours 
after inoculation with the avirulent E. coli. 
The bursal response to intrabursal inoculation of virulent 
E. coli in thirty-day-old poults was first observed 2 hours 
after inoculation in the interfollicular stroma of a bursal 
fold. In bursal folds examined after 2 hours postinoculâtion, 
an interfollicular cellulitis was observed. Bacteria were 
never observed in the follicular epithelial pads and inter­
follicular epithelia. No cytopathologic changes were observed 
in the epithelial pads and interfollicular epithelia. The 
only change in the lymphoid follicles was an intracellular 
swelling 10 hours postinoculation. 
207 
LITERATURE CITED 
Ackerman, G. A., and R. A. Knouff. 1959. Lymphocytopoiesis 
in the bursa of Fabricius. American Journal of Anatomy 
104:163-205. 
Ackerman, G. A., and R. A. Knouff. 1964. Lymphocytopoietic 
activity in the bursa of Fabricius. Pages 123-146 in 
R. A. Good and A. E. Gabrielson, eds. The thymus inTmmxano-
biology. Harper and Row, New York, New York. 
Adelman, H. £. 1942. The embryological treatises of Hierony-
mus Fabricius of Aquapendente. Cornell University Press, 
Ithaca, New York. 
Barber, V. C., and A. Boyde. 1968. Scanning electron micro­
scopic studies of cilia. Zeitschrift fxir Zellforschung 
und Mikroskopische Anatomie. Abteilung A 84:269-284. 
Bamum, D. A., P. J. Giantz, and H. W. Moon. 1967. Coli-
bacillosis. CIBA Pharmaceutical Company, Summit, New 
Jersey. 44 pp. 
Beach, J. R., 0. W. Schalm, and R. E. Lubbehusen. 1934. 
Immunity against infectious laryngotracheitis of chicks by 
intra bursal injections of virus. Poultry Science 13:218-
226. 
Bertschinger, H. U., H. W. Moon, and S. C. Whipp. 1972. 
Association of Escherichia coli with the small intestinal 
epithelium. I. Comparison of enteropathogenic and non-
enteropathogenic porcine strains in pigs. Infection and 
Immunity 5:595-605. 
Bockman, D. E., and M. D. Cooper. 1973. Pinocytosis by 
epithelium associated with lymphoid follicles in the bursa 
of Fabricius, appendix, and Peyer's patches. An electron 
microscopic study. American Journal of Anatomy 136:455-478. 
Bradley, 0. C., and T. Grahame. 1960. The structure of the 
fowl, 4th ed. J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 
Burdett, I. D. J., and R. G. E. Murray. 1974. Electron 
microscopy study of septum formation in Escherichia coli 
strains B and B/r during synchronous growth. Journal of 
Bacteriology 119.1039-1056. 
208 
Calhoun, M. L. 1954. Microscopic anatomy of the digestive 
system of the chicken. The Iowa State University Press, 
Ames, Iowa. 
Cheville, N. F, 1967. Studies on the pathogenesis of Gumboro 
disease in the bursa of Fabricius, spleen, and thymus of 
the chicken. The American Journal of Pathology 51:527-556. 
Cheville, N. F. 1976. Immunopathology. Pages 197-259 In 
N. F. Cheville, ed. Cell pathology. Iowa State University 
Press, Ames, Iowa. 
Cheville, N. F., and C. W. Beard. 1972. Cytopathology of 
Newcastle. The influence of bursal and thymic lymphoid 
systems in the chicken. Laboratory Investigation 27:129-
143. 
Clawson, C. C., M. D. Cooper, and R. A. Good. 1967. Lympho­
cyte fine structure in the bursa of Fabricius, the thymus 
and the germinal centers. Laboratory Investigation 16: 
407-421. 
Cooper, M. D., A. R. Lawton, and P. W. Kincade. 1972. A two-
stage model for development of antibody-producing cells. 
Clinical and Experimental Immunology 11:143-149. 
Davy, J. 1866. On the bursa Fabricii. Proceedings of the 
Royal Society of London 15:94-102. 
Durkin, H. G., G. A. Theis, and G. J. Thorbecks. 1972. Bursa 
of Fabricius as site of origin of germinal centre cells. 
Nature New Biology 235:118-119. 
Edwards, P. R., and W. H. Ewing. 1972. The genus Escherichia. 
Pages 67-107 in P. R. Edwards and W. H. Ewing, eds. 
Identification of enterobacteriaceae. Burgess Publishing 
Company, Minneapolis, Minnesota. 
Escherich, T. 1885. Die Darmbacterier des Neugeborenen und 
Sauglings. Fortschritte der Medizf.n 3:515. 
Ewing, W. H. , H. W. Ta turn, B. R. Davis, and R. W. Reavis. 1956. 
Studies on the serology cf the Escherichia coli group. 
Communicable Disease Center, Atlanta, Georgia. 
Forbes, W. A. 1877. On the bursa Fabricii in birds. 
Proceedings of the Zoological Society of London, 304-318. 
Frazier, J. A. 1974. The ultrastructure of the lymphoid 
follicles of the chick bursa of Fabricius. Acta Anatomica 
88:385-397. 
209 
Fuller, R. 1973. Differences in the microfloras of the 
intestine and the bursa of Fabricius as illustrated by 
the coliform/lactobacillus ratio in the two sites. British 
Poultry Science 14:221-224. 
Click, B. 1955. Growth and function of the bursa of Fabricius 
in the domestic fowl. Unpublished Ph.D. thesis. Library, 
Ohio State University, Columbus, Ohio. 
Click, B. 1956. The growth of the bursa of Fabricius in 
chickens. Poultry Science 35:843-851. 
Click, B. 1957. Experimental modification of the growth of 
the bursa of Fabricius. Poultry Science 36:18-28. 
Click, B. 1960. The growth of the bursa of Fabricius and its 
relationship to the adrenal gland in the White Pekin Duck, 
White Leghorn and New Hampshire. Poultry Science 39:130-
139. 
Click, B. 1961. The influence of dipping eggs in male 
hormone solutions on lymphatic tissue and antibody response 
of chickens. Endocrinology 69:984-985. 
Creaves, M. F., J. J. T. Owen, and M. C. Raff. 1973. T and B 
lymphocytes : origins, properties and rolls in immune 
responses. American Elsevier Publishing Company, Incorpor­
ated, New York, New York. 316 pp. 
Cross, W. B. 1972. Colibacillosis. Pages 392-405 in H. E. 
Biester and L. H. Schwarte, eds. Diseases of poultry, 6th 
ed. The Iowa State University Press, Ames, Iowa. 
Hamilton, H. L. 1952. Lillie's development of the chick. 
Henry Holt and Company, New York, New York. 
Hemmingsson, E. J., and A. V. Cunnar. 1973. Migration of 
haemopoietic cells from the yolk sac to the thymus and the 
bursa of Fabricius in the chick embryo. Acta Pathologica 
et Microbiologica Scandinavica 81:79-84. 
Hinshaw, W. R. 1953. The bursa of Fabricius. Veterinary 
Medicine 48:164. 
Hodges, R. D. 1974. The bursa of Fabricius and the thymus. 
Pages 205-213 m R. D. Hodges, ed. The histology of the 
fowl. Academic Press, New York, New York. 
210 
Holbrook, K. A., W. D. Perkins, and B. Click. 1974. The 
fine structure of the bursa of Fabricius: "B" cell surface 
configuration and lymphoepithelial organization as revealed 
by scanning and transmission electron microscopy. Journal 
of the Reticuloendothelial Society 16:300-311. 
Ruble, J. 1958. Effects of hormones on endocrine and lympho­
epithelial glands in young fowl. Poultry Science 37:297-
300. 
Jolly, J. 1913. L'involution physiologique de la bourse de , 
Fabricius et ses relations avec l'apparition de la maturité 
sexuelle. Comptes Rendus des Seances de la Société de 
Biologie et de Ses Filiales 75:638-648. 
Jolly, J. 1915. La bourse de Fabricius et les organes lympho-
epitheliaux. Archives d'Anatomie Microscopique 16:316-547. 
Kaupp, B. F. 1933. Poultry diseases, 6th ed. American 
Veterinary Publishing Company, Chicago, Illinois. 
Kincade, P. W., and M. D. Cooper. 1971. Development and 
distribution of immunoglobulin-containing cells in the 
chicken: An immunofluorescent analysis using purified 
antibodies to H , , and light chains. The Journal of 
Immunology 106:371-382. 
Kincade, P. W., and M. D. Cooper. 1973. Immunoglobulin A: 
Site and sequence of expression in developing chicks. 
Science 179:398-400. 
Kirkpatrick, C. M. 1944a. Body weights and organ measurements 
in relation to age and season in the Ring-necked Pheasant. 
Anatomical Record 89:175-194. 
Kirkpatrick, C. M. 1944b. The bursa of Fabricius in Ring-
necked Pheasants. Journal of Wildlife Management 8:118-129. 
Klein, E. 1889. Uber eine akute Infektiose Krankheit des 
Schottischen Moorhuhnes (Lagopus scotrius). Zentralblatt 
fur Bakteriologie I Originale 6:331 
Levi, M., and C. A. E. Briggs. 1956. Gut flora of the chick 
II. The establishment of flora. Journal of Applied 
Bacteriology 19:224-230. 
Lignieres, M. J. 1894. Septicemie a Coli-Bacille chez la 
Poule. Comptes Rendus des Seances de la Société de Biologie 
et de Ses Filiales 46:135. 
211 
Linna, T. J. , T. Brenning, and E. Hemming s son. 1969. Lymphoid 
cell migration and germinal centers. Pages 133-142 m L. 
Fiore-Donati and M. G. Hanna, Jr., eds. Advances in 
experimental medicine and biology. Volume 5. Plenum 
Press, New York, New York. 
Lucas, A. M. , and P. R. Stettenheim, 1965. Avian anatomy. 
Pages 36-40 m H. E. Biester and L. H. Schwarte, eds. 
Diseases of poultry, 5th ed. The Iowa State University 
Press, Ames, Iowa. 
Luft, J. H. 1961. Improvement in epoxy resin embedding 
methods. The Journal of Biophysical and Biochemical 
Cytology 9:409-414. 
Luna, L. G. 1968. Manual of histologic staining methods of 
the Armed Forces Institute of Pathology. 3rd ed. McGraw-
Hill Book Company, New York, New York. 258 pp. 
Mackaness, G. B. 1964. The behavior of microbial parasites 
in relation to phagocytic cells in vitro and in vivo. 
Pages 213-240 ija H. Smith and J. Taylor, eds. Microbial 
behavior in vivo and in vitro. Cambridge University Press, 
London, England. 
Mathis, J. 1938. Zum Feinbau der Bursa Fabricii. Zeitschrift 
fur Mikorskopisch-Anatomische Forschung 43:179-190. 
Meyer, R. K., M. A. Rao, and R. L. Aspinall. 1959. Inhibition 
of the bursa of Fabricius in the embryos of the common 
fowl by 19-nortestosterone. Endocrinology 64:890-897. 
Moore, M. A. S., and J. J. T. Owen. 1967. Studies in the 
irradiated chick embryo. Nature 215:1081-1082. 
Moorhead, P. D., and Y. M. Saif. 1970. Mycoplasma meleagridis 
and Escherichia coli infections in germfree and specific-
pathogen-free turkey poults: Pathologic manifestations. 
American Journal of Veterinary Research 31:1645-1653. 
Naqi, S. A., D. H. Lewis, and C. F. Hall, 1970. The intestinal 
microflora of turkeys. Avian Diseases 14:620-625. 
Niedorf, H. R., and B. Wolters. 1974. Feinstrukturelle 
Untersuchungen an den Makrophagen der Bursa Fabricius des 
HUhnchens. Beitrâge Ziir Pathologie 151:75-86. 
212 
0rskov, F. 1974. Escherichia. Pages 293-296 in R. E. 
Buchanan and N. E. Gibbons, eds. Sergey* s manual of 
determinative bacteriology, 8th ed. The Williams and 
Wilkins Company, Baltimore, Maryland. 
Pintea, V., G. M. Constantinescu, and C. Radu. 1967. Vascular 
and nervous supply of bursa of Fabricius in the hen. Acta 
Veterinaria Academiae Scientiarum Hungaricae 17:236-268. 
Polliack, A., N. Lampen, B. D. C'lrkson, and E. DeHarven. 
1973. Identification of human B and T lymphocytes by 
scanning electron microscopy. Journal of Experimental 
Medicine 138:607-624. 
Proctor, S. J. E. 1975.. Studies on duck plague. Unpublished 
Ph.D. thesis. Library, Iowa State University, Ames, Iowa. 
Retterer, E. 1885. Contributions a l'étude du cloaque et de 
la bourse de Fabricius des oiseaux. Journal de i'Anatomie 
et de la Physiologie 21:369-454. 
Riddle, D. 1928. Growth of the gonads and of Fabricii in 
doves and pigeons with data for body growth and age at 
maturity. American Journal of Physiology 86:243-265. 
Romanoff, A, L. 1960. The digestive system. Pages 497-508 m 
A. L. Romanoff, ed. TLs avian embryo. The Macmillan 
Company, New York, New York. 
Rubin, E., M. D. Cooper, and F. W. Kraus. 1971. Kinetics of 
cellular proliferation in the bursa of Fabricius. 
Bacteriological Proceedings p. 67. (abstract) 
Ruth, R. F., C. P. Allen, and H. R. Wolfe. 1964. The effect 
of thymus on lymphoid tissue. Pages 183-205 iji R. A. Good 
and A. E. Gabrielson, eds. The thymus in immunobiology. 
Harper and Row, New York, New York. 
Saif, Y. A., P. D. Moorhead, and E. H. Bohl. 1970. 
Mycoplasma meleagridis and Escherichia coli infections in 
germ free and specific-pathogen-free turkey poults : 
Production of complicated airsacculitis. American Journal 
of Veterinary Research 31:1637-1643. 
Schaffner, T., J. Mueller, M. W. Hess, H. Cottier, B. Sordat, 
and C. Ropke. 1974. The bursa of Fabricius: A central 
organ providing for contact between the lymphoid system 
and intestinal content. Cellular Immunology 13:304-312. 
213 
Schauder, W. 1923. Anatomie der HausvtJgel. Pages 339-398 in 
Martin's Lehrbuch der Anatomie der Haustiere, Volume 4. 
Schickardt and Ebner, Stuttgart, Germany. 
Siccardi II, F. J. 1966. Identification and disease producing 
ability of Escherichia coli associated with E. coli 
infection o£ chickens and turkeys. UnpublisEed M.S. thesis. 
Library, University of Minnesota, Minneapolis, Minnesota. 
Sojka, W. J., and R. B. A. Carnaghan. 1961. Escherichia coli 
infection in poultry. Research in Veterinary Science 
2:340-352. 
Sorvari, T., R. Sorvari, P. Ruotsalainen, A. Toivanen, and 
P. Toivanen. 1975. Uptake of environmental antigens by 
the bursa of Fabricius. Nature 253:217-219. 
Sprinz, H., E. J. Gangarosa, M. Williams, R. B. Hornick, and 
T. E. Woodward. 1966. Histopathology of the upper small 
intestines in typhoid fever. Biopsy study of experimental 
disease in man. The American Journal of Digestive Diseases 
11:615-624. 
Staley, T. E., E. W. Jones, and L. D. Corley. 1969. Attach­
ment and penetration of Escherichia coli into intestinal 
epithelium of the ileum in new-born pigs. The American 
Journal of Pathology 56:371-392. 
Taibel, A. M. 1935. Esperimento di bursafabriciectomia in 
Gallus domesticus. Rivista di Biologia 18:416-430. 
Taibel, A. M. 1941. II timo nei polli bursectomizatti. 
Rivista di Biologia 31:429-444 
Takeuchi, A., and E. Sprinz. 1967. Electron microscope 
studies of experimental Salmonella infection in the 
preconditioned guinea pig. II. Response of the intestinal 
mucosa to the inv * " " " 'limurium. The 
Thomson, J. A. 1923. Biology of birds. Macmillân Company, 
New York, New York. pp. 98-110. 
Thorbecke, G. J., H. A. Gordon, B. Wostman, M. Wagner, and J. 
A. Reyniers. 1957. Lymphoid tissue and serum globulin 
in young germfree chickens. Journal of Infectious 
Diseases 101:237-251. 
American Journal 
214 
Toivanen, P., and A. Toivanen. 1973. Bursal and postbursal 
stem cells in chicken. Functional characteristics. 
European Journal of Immunology 3:585-595. 
Toivanen, P., A. Toivanen, and R. A. Good. 1972. Ontogeny of 
bursal function in chicken. I. Embryonic stem cell for 
humoral immunity. The Journal of Immunology 109:1058-
1070. 
Warner, N. L., and A. Szenberg. 1964. The immunological 
function of the bursa of Fabricius in the chicken. 
Annual Review of Microbiology 18:253-268. 
Warner, N. L., A. Szenberg, and F. M. Burnet. 1962. The 
immunological role of different lymphoid organs in the 
chicken. I. Dissociation of immunological responsiveness. 
Australian Journal of Experimental Biology and Medical 
Science 40:373-388. 
Wolfe, H. R., S. A. Sheridan, N. M. Bilstad, and M. A. Johnson. 
1962. The growth of lymphoidal organs and the testes of 
chickens. Anatomical Record 142:485-493. 
Woodward, M. 1931. Studies in bursectomized and thymectomized 
chickens. Unpublished M.S. thesis. Library, Kansas State 
College, Manhattan, Kansas. 
Yamada, J. 1966. The weight and the histochemical changes 
with age of the bursa of Fabricius in chickens. Japanese 
Journal of Veterinary Research 14:136. 
2l5 
ACKNOWLEDQÎENTS 
This dissertation is the result of my wife's faithful 
support through the last six years. I dedicate it to her 
and my two children. Holly and Paul, who make life worth 
living. 
The guidance and support of major professors, Drs. J. P. 
Kluge and N. F. Cheville, are greatly appreciated. Interest 
and suggestions of other members of the committee, Drs. P. T. 
Pearson, F. K. Ramsey, W. M. Wass, R. L. Grier, and D. R. 
Griffith, are also acknowledged. 
Expert technical assistance of Mrs. Doris Buck, Mrs. Gwen 
Laird, Mr. Loren Elliott, Mr. Joe Gallagher, and Dr. R. E. 
Isaacson deserves recognition. 
Thanks to Dr. N. F. Cheville for the conjugated OK anti-
sera used in this work. 
The excellent photographic assistance of Mr. W. A. Romp, 
Mr. T. L. Glasson, and Mr. Gene Hedberg is appreciated. 
Thanks to Mrs. Karen Durbin for her suggestions and 
excellent job typing this dissertation. 
